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1 Introduction

1.1 Summary

This course is a summary of the requirements for installation and inspection of foundation piling based
upon the requirements found in:

Standard and Supplemental Specifications
Special Provisions

Plans

Construction Manual

The Construction Manual is not part of the construction documents but rather is a manual prepared by
the Department containing policies to support approval and acceptance of pile constructed
foundations. An electronic copy of the Construction Manual may be accessed at:
http://www.dot.il.gov/constructionmanual/preface.html Special Provisions and portions of the
Standard and Specifications and Construction Manual that pertain to piling are included in the
Appendix for reference.

Piles are structural elements that are typically driven into the ground to transfer structure loads to soil
or rock usually because shallow layers of soil are too weak to support the required loads using a
spread or mat type footing. Piles typically develop their load carrying capacity from the frictional
resistance of the soil acting along the sides of the piles and the end bearing resistance of soil or rock
acting at the tip of the pile.

The role of field personnel, hereafter referred to as “Inspector, is to observe and report on the
construction activities at the site and ensure that the work is completed in accordance with the
construction documents. The responsibilities of the Inspector include:

= Having a thorough knowledge of the plans and specifications.

» Inspecting and recording activity relative to the plans and specifications.

= Correcting or stopping work that is not being performed in compliance with the plans and
specifications.

= Seeking assistance as needed to interpret the plans and specifications.

A Construction Inspector’s Checklist for Piling has been prepared to provide the Inspector with a step-
by-step list of requirements for the installation and inspection of the foundation piling. A copy of the
checklist is included in the Appendix or may be accessed at:
http://www.dot.il.gov/const/curcnstinspect.htmil.

1.2 Course Objectives

Following completion of this course, students should be able to do the following:

Inspect piling for overall conformance with the plans and specifications.

Inspect test piling installations.

Inspect pile driving operations to ensure attainment of Nominal Required Bearing.
Inspect pile splicing operations.

= Properly record field data for documentation of the following pay items:
o Furnishing Piling
o Driving Piling



o Test Piles
o Pile Shoes
= Properly record field data for documentation of extra work (unplanned pile splices, etc.).

2 Pile Types & Uses

Design engineers classify piles according to their Structural Pile Type to reference the structural
element to be used for the piles and according to their Geotechnical Pile Type to define a pile’s
primary mechanism for developing the required bearing. IDOT uses piles to provide foundation
support for a wide range of structure types.

2.1 Geotechnical Pile Types

Geotechnical pile types consist of friction piles and end bearing piles.

Friction piles derive their bearing capacity primarily from skin friction between the sides of the pile and
the adjacent soil. Such piles are often referred to as displacement piles as they tend to displace soil
to the sides of the pile during driving thereby consolidating the soil around the pile and increasing the
skin friction.

End bearing piles derive their bearing primarily from soil or rock below the tip of the pile.
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2.2 Structural Pile Types

H-Piles: Friction or End Bearing Piles Metal Shell Piles: Friction Piles

Concrete Piles: Friction Piles Timber Piles: Friction Piles
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Concrete piles may be conventional precast or precast, prestressed members.

Occasionally plans may require that the tip of piles be fitted with pile shoes prior to driving. Pile shoes
are considered reinforcement for the pile tip and are intended to try and prevent damage to the pile
during driving. The need for pile shoes is assessed during design and indicated on the plans when
dense soil layers or “hard driving” conditions are anticipated or when H-piles are being driven to hard
rock such as dolomite or sandstone. If required, pile shoe details for H-piles and metal shell piles will
be indicated in the plans.

2.3 Pile Uses

As previously mentioned, piles are typically specified for a project when the soil conditions are not
sufficient to support a spread footing within a reasonably shallow depth. Common uses for piles in
lllinois are for stub (pile bent), closed, and integral abutments as well as pile bent piers and pile
supported footing piers. In addition, piles are also used for soldier pile retaining walls and to support
the footings of T-type retaining walls.

Battered piles (piles driven into the ground at an incline) may be utilized with some foundations to
resist lateral forces applied to the structure. Substructure units that may utilize battered piles are
discussed below.



Stub Abutments (Pile Bent Abutments):

Rather short in height
Front row of piles are battered

Allows superstructure movement
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Integral Abutments:
Also short in height
Single row of vertical piles

Has a rigid connection with superstructure
Piles flex with superstructure movement
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Closed Abutments:
Rather tall in height
Combination retaining wall/abutment
Concrete stem on pile supported footing
Front row of piles battered at a minimum
Allows superstructure movement
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Pile Bent Piers:
= Single row of vertical piles
» Individual piles connected to a pier cap (below L), or
» Individual piles within a solid wall encasement (Below R)

LI
; JHr Y

v ELEVATION

Pile Supported Footing Piers:
= Footing at base of pier stem with multiple rows of piles
= Battered and vertical rows of piles may be present
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T-type Retaining Walls: Soldier Pile Retaining Walls:

= Concrete stems on pile supported footings = Single row of vertical piles driven to a
= Front row of piles battered at a minimum predetermined elevation.
= Similar to a closed abutment
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3 Safety

Pile driving can be a dangerous operation and Inspectors are urged to use caution at all times to
remain safe and avoid injuries. Following are a few items to be considered while piling is being driven
on a project:

= Waich for falling objects and take the necessary precautions to ensure that items are secured
against wind and accidental displacement.

= Prior to being driven into the ground, piles can be long, slender, flexible members that are
difficult to handle and subject to buckling.

» Ensure that all rigging used for handling and driving piling is of sufficient capacity and suitable
condition for the intended use. Do not use rigging that is worn & frayed.

= Use caution around the leads and hammer. Do not climb on or lean though leads that are not
properly secured, without proper fall protection, and unless hammer is secured in the leads.



4 Plans & Specifications Review

Per Article 101.09 of the Standard Specifications, the contract between the Contractor and the
Department sets forth the obligations for the performance of the work, the furnishing of labor and
materials, and the basis of payment. The contract includes the Standard Specifications,
Supplemental Specifications, Special Provisions, and the plans among other items. As such, it is
essential that the Inspector is thoroughly familiar with and understands the material contained in these
documents.

As indicated in the hierarchy of the contract documents from Article 105.05 of the Standard
Specifications and as shown below, the Special Provisions and plans override information contained
in the Standard Specifications and Recurring Special Provisions. The Special Provisions and plans
should therefore be prudently reviewed prior to starting work on an item to see if any changes have
been made to the Standard Specifications and Recurring Special Provisions.

Hierarchy of the Contract Documents

Special Provisions Hold over: Plans,
Recurring Special Provisions,

Supplemental Specifications,
and Standard Specifications
L Hold over: | Recurring Special Provisions,
Supplemental Specifications,
and Standard Specifications

Recurring Special Provisions | Hold over: Supplemental Specifications,
and Standard Specifications

Supplemental Specifications Hold over: Standard Specifications

Plans

1/ Detail plans hold over Highway Standards.
2/ Calculated dimensions hold over scaled dimensions.
3/ The Highway Standards indicated by the revision number listed in the Index

of Highway Standards on the plans shall hold over Highway Standards listed
anywhere else.

Hierarchy of Contract Documents

The 2012 Standard specifications for Road and Bridge Construction contains revised policies on
splices as well as revised formulas for determining the nominal driven bearing of a pile and
permissible hammer energy ranges. Although Special Provisions may be written that are unique and
applicable to only a specific project, GBSP’s are standard special provisions developed by the Bureau
of Bridges and Structures for items of work commonly associated with the design and construction of
structures and may be downloaded at: http://www.dot.il.gov/bridges/gbsp.html. A Guide Bridge
Special Provision (GBSP) has been written for when Wave Equation Analysis of Piles and is provided
in the Appendix for reference.

The Wave Equation Analysis of Piles GBSP will be included on projects when notes specified in the
plans indicate that the nominal driven bearing of the piles is to be determined by the results of a wave
equation analysis. The GBSP outlines the requirements for the wave equation analysis as discussed
later.

Prior to the start of construction, it is recommended that Inspectors check the plan elevations of the
bottom of footings, intermediate substructure components, and bearing seat elevations of abutments



and piers to ensure they correspond to the appropriate top of deck elevations and dimensions shown
on the superstructure plans. This simple check is intended to identify any potential problems prior to
starting work on an item.

Inspectors should also review the General Notes and substructure sheets included with the structure
plans for pertinent pile information. The General Notes section is a list of notes typically provided
within the first few sheets of the structure plans that supplement the Standard Specifications. These
notes and the notes on the substructure sheets may contain requirements regarding such items as
wave equation analysis, precoring, hammer energy restrictions, or a required waiting period before
piles can be driven. Provided below is a list of general notes commonly provided in the structure
plans:

» Piles shall be driven through diameter precored holes extending to elevation
according to Article 512.09(c) of the Standard Specifications. Cost included in driving piles.
»= Pile shall not be drivenat ____until __ days after the embankment construction is completed.

The general note that effects a waiting period between when the embankment is constructed and
when the piling may be driven is to allow anticipated settlement to occur. The note will typically be
accompanied by a Special Provision (an example Special Provision for this is provided in the
Appendix). In lieu of the waiting period, the pre-coring note mentioned above may be provided on the
plans to alleviate settlement effects on the piles. Only one of these two notes should typically be
shown on the plans.

In addition, the substructure sheets should contain a Pile Data table that reflects the type and size of
the pile, nominal required bearing, estimated pile length, and number of production piles along with
any test pile requirements.

The Department also has standard base sheets developed for H-piles, metal shells, and concrete
piles. These base sheets should be included in the structure plans as applicable as they contain
pertinent information relative to the pile type. A copy of these base sheets is provided in the Appendix
for reference.

Inspectors should also review the appropriate sections of the Construction Manual, Documentation
Guide, and Project Procedures Guide and Forms for pertinent information regarding the construction
of pile foundations.

Inspectors are also encouraged to obtain and review a copy of the Structure Geotechnical Report
(SGR) from the District. The SGR is prepared during the planning phase of a project with the purpose
of identifying and communicating geotechnical considerations and foundation design
recommendations, such as pile types and estimated lengths, to the structural engineer who in turn
incorporates these items into the design and construction documents. While the SGR is not part of
the contract documents, it may provide Inspectors with useful information to assist in their role in
observing and documenting the piling installation.

5 Construction / Piling Layout

On bridge construction and reconstruction projects, check the proposed or existing span lengths and
the existing or proposed vertical and horizontal clearances prior to starting to work. Recurring special
provisions may make the construction layout the responsibility of the Contractor. When surveying the
various control points for a structure (baselines, bearing lines, back of abutments, etc.) have someone
perform an independent check of your calculations and layout prior to the Contractor starting work.



6 Pile Driving Equipment

The various components of the equipment used to drive piling is illustrated and discussed below.
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Example Pile Driving Equipment

6.1 Leads

Leads are generally a box shaped frame used to align the pile and hammer during driving and must
be long enough to accommodate the length of the pile segments, the hammer, and other equipment
as required for the project. Types of leads include swinging, fixed, or semi-fixed leads depending
upon the connection between the leads and the crane. Swinging leads tend to be the most popular
and are generally suspended from the crane boom by a cable and are required by the Standard
Specifications to be toed into the ground to assist with alignment of the pile during driving. An
example of swinging leads is shown on the following page.

6.2 Hammers

Hammers are used to advance the piling into the ground to the nominal required bearing indicated in
the plans. Provided below is a description of the most common types of hammers:

=  Drop Hammer:

o Drop hammers are gravity type hammers where a weight is lifted and simply released.

o Drop hammers are not allowed to be used with precast concrete piles or piles with nominal
required bearing greater than 120 kips.

o The ram weight must be greater than or equal to the combined weight of the pile and drive
cap and weigh at least one ton.

o The fall height of the ram shall not exceed 15 ft.



» Diesel Hammers (Single Acting):

o Commonly referred to as an “open end” diesel hammer as the top of the hammer is open
allowing observation of the ram going up and down.

Swinging Leads Example

o Explosion of diesel fuel thrusts the ram upward followed by the ram falling and striking the

pile.
o Energy delivered by the hammer varies with the fall height or stroke of the ram.

o Since the fall height varies, blow counts must be calculated for the various fall heights of the
ram.

= Diesel Hammers (Double Acting):

o Commonly referred to as a “closed end” diesel hammer as the top of the hammer is enclosed
with a bounce chamber to throw the ram back down.

o Explosion of diesel fuel thrusts the ram upwards similar to a single acting diesel hammer.

o The energy delivered by the hammer is a function of the fall height of the ram and the added
pressure from the bounce chamber at the top of the hammer.

o A gauge is required to determine the bounce chamber pressure at the top of the hammer and
a manufacturer’s chart to correlate the pressure reading with the energy being delivered by

the hammer.

= Air/Steam Hammers:

o These hammers may be single or double acting as previously described for diesel hammers.

o They are fueled by compressed air or steam provided from an air compressor or steam boiler.

o The striking parts of the hammer must have a total weight not less than 1/3 the weight of the
pile and drive cap nor weigh less than 1.4 tons.



* Hydraulic Hammers:

o Fueled by a hydraulic unit with the hammer energy correlated through pressure readings.
o A wave equation analysis is required to in aid determining the adequacy of the hammer and to
indicate the nominal driven bearing of the pile.

» Vibratory Hammers:
o Operate by vibrating the pile into the ground and are more commonly used for sheet piling
installation.

o Piles are required to be driven with an impact type hammer when nearing the end of the
installed length to verify the driven bearing.

6.3 Hammer Components

The figure below illustrates the various hammer components that are typically used at the top of the

pile.
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A drive head, also referred to as a helmet or cap, is provided to protect the top of the pile and assist in
holding the pile inline with the hammer. The Standard Specifications require that the drive cap be
made from cast or structural steel and that it also serve as a pilot for metal shell piles uniformly
distributing the hammer energy across the metal shell cross section.

Cushions are sometimes used above and below the drive head to protect the hammer and the pile
and dampen the intensity of the hammer blow. Cushions used above the drive head are referred to
as hammer cushions while cushions used below the drive head are referred to as pile cushions.
Timber and concrete piles are required by the Standard Specifications to be protected with a pile
cushion.



Hammer cushions may be made from a variety of materials including wire rope, polymer, Micarta,
Hamortex, aluminum, or steel. Pile cushions have traditionally been made from plywood. Cushions
wear and require replacement periodically throughout the pile driving process. Pile cushions should
be replaced when the reduction in thickness is greater than 40% or they begin to burn. Hammer
cushions should be replaced after each 50 hours of operation, when there is a reduction in thickness
in excess of 25% or the manufacturer’s limitations.

6.4 Pile Followers

Pile followers are an extension of the piles being driven to allow the piles to be driven from a higher
elevation and are only allowed to be used with the Engineer’s permission. Although the followers are
required to bear evenly on the pile being installed into the ground, uncertainty exists regarding the
amount of energy that is transferred across the joint between the follower and the production pile. As
such, 1 in every 10 piles is required to be driven without a follower to determine the driven bearing of
the piles. Piles being driven without a follower may be required to be longer.

6.5 Jets

Jets refer to nozzles placed near the base of the pile that use pressurized fluid (air or water) to erode
or temporarily loosen the bond between the pile and soil as it is being advanced. The Engineer’s
permission is required to use jets and the piles are required to be driven with an impact type hammer
when nearing the end of the installed length to verify the driven bearing.

7 Hammer Energy Requirements

The hammer selected for use on a project shall be capable of operating within the energy
requirements set forth in the specifications. A minimum hammer energy is specified to ensure that the
pile installation progresses at a reasonably quick, uniform rate. A maximum hammer energy is also
specified to potentially prevent overstressing or damage to the pile during driving. These permissible
energy ranges also reflect the calibration used in development of the dynamic formulas used to
determine the nominal driven bearing.

7.1 Determining Allowable Hammer Energy Range

The first step in determining the allowable hammer energy range is to determine the type of hammer
that will be used by the Contractor (drop, single acting diesel, etc.). The properties of the hammer,
such as ram weight and stroke range for single acting hammers or bounce chamber pressure diagram
for double acting hammers, needs to be identified to verify that the proposed hammer operates within
the permissible energy range.

Inspectors shall calculate the permissible energy range for the hammer type chosen by the Contractor
and the nominal required bearing of the pile indicated in the plans using the following formulas that
are provided in the Standard Specifications.

The dynamic pile driving formula is used to determine the nominal driven bearing (Rnpg) based upon
the energy of the hammer and driving data recorded in the field.

The current pile driving formula developed formula is being implemented based upon a study
conducted by the U of | that determined the WSDOT formula was more accurate considering the soils,
piles, and driving equipment that are common to lllinois.



Example calculations for the permissible hammer energy range are shown below for the WSDOT
formulas for illustrative purposes.

Following are variables used to investigate the permissible energy range:

Rn = Nominal Required Bearing, kips (kN)

E = Hammer Energy, ft-lbs (Joules)

H = Height of Stroke, ft (mm)

W = Ram Weight, Ibs (kN)

Ny = Number of Hammer Blows for Penetration, blows/inch (blows/25mm)
Fet = Hammer Efficiency Factor (WSDOT formula only)

The hammer’s ability to drive the pile is based upon it's energy (E), where:

E = Hammer Energy as mentioned above, or
= Ram Weight (W) x Height of Stroke (H), for drop and single acting hammers
= Manufacturer’s listed value, for double acting hammers

An example of the data provided by a manufacturer for double acting hammers is provided below.

A comprehensive collection of basic hammer information for various makes and models is available
at: www.pile.com/pdi/products/griweap/hammers.asp.

Hammers are required by the specifications to be operated at an energy that facilitates a pile
penetration rate (Np) between 1 and 10 blows per inch as Rypg approaches Ry for the WSDOT
formula. The permissible energy range for the hammer is based upon this N, range.
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The permissible energy ranges shall be calculated using the following formulas:

Standard Specifications — WSDOT Formula

e Minimum Energy, N, = 10

E > 32.90 x Ry + Fert (English)
E > 10.00 x RN - Feff (MetriC)

e Maximum Energy, N, = 1

E < 65.80 x Ry + Feit (English)
E < 20.00 x Ry + Fent (Metric)

Where:

Fe = 0.55 for air/steam hammers

= 0.47 for open-ended diesel hammers and steel piles or metal shells
= 0.37 for open-ended diesel hammers and for concrete or timber piles

= 0.35 for closed-ended diesel hammers
= 0.28 for drop hammers



7.2 Determining Required Number of Hammer Blows

The number of required hammer blows, Ny, for Rypg to be equal to or greater than Ry can be
determined by rearranging the terms in the WSDOT formula.

The Rype formulas are given in the specifications as:
WSDOT

Rnos = 6.6 Fet E L (10 Nb) + 1000 (EngIISh)
Rnps = 21.7 Fet E Ln (10 Nb) + 1000 (metriC)

By setting Rnps equal to Ry and rearranging the terms in the above equations, N, can be calculated
as follows.

WSDOT

1000R 1000R,

N o 6.6F4E et N e 21.7F 4 E
=——— (Englis =———— (metric
b 10 (English) b 10 ( )



7.3 Hammer Calculations: Example A

A Contractor proposes to use a Delmag single acting D22 diesel hammer to install the following piling:

PILE DATA
Type: Steel HP 10x42
Nominal Required Bearing: 330 Kips
Factored Resistance Available: 165 Kips
Estimated Length: 43 ft

A Delmag D22 hammer has a ram weight of 4,850 Ibs with a minimum fall height of 3 ft and a
maximum fall height of 8 ft. The manufacturer lists the maximum rated energy for the hammer at
39,700 Ibs.

Q1) Is the hammer acceptable for use?

Q2) What is the blow count (blows/inch) that needs to be achieved to ensure the nominal driven
bearing (Rnps) is equal to or greater than the nominal required bearing (Ry) if the hammer is
operating with a ram fall height equal to 6.5 ft?

Solution 1:

For single acting diesel hammers, minimum and maximum energies are the only requirements that

need to be checked to determine hammer acceptability.

For single acting diesel hammers the maximum developed energy is taken as the ram weight times
the fall height.

Max. developed hammer energy = W x H = 4,850 Ibs x 8.0 ft = 38,800 ft-lbs

The minimum required hammer enerqy for the pile is:

WSDOT

E > 32.90 x RN - Feff
>32.90 x 330 + 0.47 = 23,100 ft-Ibs

38,800 > 23,100 O.K.

The maximum allowable hammer enerqgy for the pile is:

WSDOT

E < 65.80 x RN - Feff
< 65.8 x 330 + 0.47 = 46,200 ft-Ibs

38,800 < 46,200 O.K.



Solution 1: (cont.)
The hammer satisfies energy requirements per the WS DOT formula.

Calculate the minimum and maximum permissible ram fall heights which ensure the hammer is
operated within the allowable energy range.

WSDOT

Emin = 23,100 ft-Ibs
=WxH=4850xH;H=48ft

Emax = 46,200 ft-Ibs
=WxH=4,850xH;H=95ft>Hqu,=80ft

The hammer is capable of driving the piles within specifications as Rypg approaches Ry if:
- The ram for the hammer is operating between 4.8 and 8.0 ft of fall for the WSDOT formula.

Solution 2:

E =4,850 x 6.5 = 31,525 ft-Ibs

WSDOT
Feit = 0.47
{ 1000 x330 }
L 6:6x0.47x31,525 2.9 blows
N, = =

1 0 in.

Note that the IDOT Bureau of Bridges and Structures Foundations and Geotechnical Unit has
developed an Excel spreadsheet that will perform these calculations for Inspectors. Spreadsheets for
the WSDOT formula may be downloaded at: http://www.dot.il.gov/bridges/dcspreadsheets.html.

The spreadsheets calculate Rypg for various combinations of hammer energy and Ny, and highlight the
acceptable operating energy for the chosen hammer. The spreadsheet also calculates this data for
production and test piles as well as battered piles. The results of the spreadsheet for Example A and
the WSDOT formulas are provided in the Appendix for comparison with the above calculations.

In reviewing the spreadsheet data included in the Appendix, students should recognize that the N,
calculated above corresponds with the N, shown in the Production Pile table for a ram fall height of
6.5 ft.



7.4 Hammer Calculations: Example B

A Contractor proposes to use a Vulcan #1 single acting air/steam hammer with a drive head that
weighs 895 Ibs to install the following piling:

PILE DATA
Type: Metal Shell — 12 in. dia. w/ 0.179 in. walls
Nominal Required Bearing: 189 Kips
Factored Resistance Available: 95 kips
Estimated Length: 24 ft

The ram for a Vulcan #1 hammer ram weighs 5,000 Ibs and has a maximum fall height of 3 ft.

Q) Is the hammer acceptable and what is the blow count for the maximum hammer energy?
Solution:

For air/steam hammers, Inspectors need to verify that the striking parts of the hammer weigh more
the 1.4 tons and more than 1/3 of the combined weight of the pile and drive head. (Std. Spec. Art.
512.10)

The ram for a Vulcan #1 hammer ram weighs 5,000 lbs, which is greater than 1.4 tons. O.K.

Calculate the combined weight of the pile and drive head using a unit weight of 22.6 Ibs/ft for the pile.
(See metal shell pile plan sheet)

Drive Head Wt. + Pile Wt. = 895 Ibs + (22.6 Ibs/ft)(24 ft) = 1437 Ibs

@ —4791bs <5,0001bs O.K.

Therefore, the hammer satisfies both weight requirements.

For determining Ryps, the maximum developed energy is taken as the ram weight times the fall
height:

Hammer E.x =W x H = 5,000 Ibs x 3.0 ft = 15,000 ft-lbs

The minimum required and maximum allowed hammer energy for the pile using the WSDOT formula
is:

Minimum Required Enerqy Maximum Allowable Energy
E > 32.90 x RN - Feff E < 65.80 x RN -+ Feﬁ

>32.90 x 189 =+ 0.55 = 11,305 ft-lbs <65.8x189 + 0.55 =22,611 ft-lbs
Hammer E . = 15,000 > 11,305 O.K. Hammer Ea = 15,000 < 22,611 O.K.

The hammer is capable of driving the pile to the Rypg With a rate of penetration between 1 and 10
blows per inch if operated at its anticipated energy.



Solution: (cont.)
Determine the required N, to achieve Rypg at a ram fall height of 3 ft.

[ 1000 x 189 }
ol 6.6x0.55x15,000 _ 3.2blows

10 in.

Np =

In reviewing the spreadsheet data included in the Appendix, students should recognize that the N,
calculated above corresponds with the N, shown in the Production Pile table for a ram fall height of
3.0 ft. This penetration rate is also highlighted on the bearing graph included in the Appendix along
with the hammer energy and fall height of the ram.

7.5 Hammer Calculations: Class Problem #1

A Contractor proposes to use a Vulcan #010 single acting air/steam hammer with a drive head that
weighs 895 Ibs to install the following piling:

PILE DATA
Type: Metal Shell — 14 in. dia. w/ 0.25 in. walls
Nominal Required Bearing: 383 kips
Factored Resistance Available: 210 kips
Estimated Length: 65 ft

Determine:

1. Is the hammer acceptable?
2. What is the blow count for the maximum hammer energy?

Given: The unit weight of the piles is 36.7 Ibs/ft.
The ram weight is 10,000 Ibs and has a maximum fall height of 39 in.

Solution:



7.6 Hammer Calculations: Class Problem #2

A Contractor proposes to use a Delmag D-36 single acting diesel hammer to install the following piling
with an anticipated ram fall height of 5 ft:

PILE DATA
Type: HP 12 X 53
Nominal Required Bearing: 418 Kips
Factored Resistance Available: 230 kips
Estimated Length: 60 ft

Determine:

1. Is the hammer acceptable?
2. What is the blow count for the anticipated fall height of 5 ft?

Given: The ram weight is 7,940 Ibs and has a fall height range of 4.5 to 9 ft.

Solution:



7.7 Batter Piles:

Batter piles are piles driven into the ground at the angle defined in the plans. Batter piles are typically
specified by designers to provide increased horizontal resistance at a substructure unit.

When driving batter piles, the hammer energy typically needs to be reduced to account for losses due
to the inclination of the hammer as illustrated below. When hammers are equipped with ram velocity
measuring devices that are being used to determine energy, use of a reduction coefficient is not
necessary as any losses will already be reflected in the measured ram velocity.

Vertical Batter
Pile Pile * ¢ = batter angle

» U = factor to
¢ account for loss of
hammer energy due
to the inclination of
E the hammer

sBE=1L"8

E — Eplumb Eplumh

Where E = Ephm“J *U plumb

Vertical vs Batter Pile Comparison

The following equations are provided in the Standard Specifications for determining the energy
reduction coefficient, “U”.

For drop hammers: For all other hammers:
U= 0.25(4 —m) U~ 0.10(10 —m)

\/1+m2 \/1+m2

Where m = tangent of the batter angle (i.e., m = 0.25 = 3/12 for a 3H:12V batter).

7.8 Batter Piles: Example C

A Contractor proposes to drive HP12X53 piles to a nominal required bearing, Ry, of 330 kips on a
2:12 (H:V) batter using a Delmag #50C single acting diesel hammer.

What is the hammer energy reduction coefficient (U) for this batter?
m=H/V=2/12=0.167
_0.10(10-m) 0.10(10-0.167)

Vi+m2 V1+0.1672

Therefore, the calculated hammer energy must be reduced by 3% to 97% of the hammer’s standard
value for all Rypg calculated for this batter.

u =0.97




Section 512.10 of the Construction Manual contains a table of calculated U values for various batter
angles. The spreadsheet data included in the Appendix for Examples A and B also calculates the U

value and reduces the hammer energy for battered piles based upon the batter angle input by the
user.

7.9 Wave Equation Analysis of Piles

The wave equation analysis of piles (WEAP) is a computer analysis of the dynamic pile driving
process that models wave propagation through the hammer-pile-soil-system.

The WEAP requirements are outlined in the Wave Equation Analysis of Piles GBSP. Contractors are
required to retain the services of an IL P.E. to conduct the analysis for the Contractor’s proposed pile
driving procedure. The analysis should indicate that that expected stress levels in the piles at the
maximum specified hammer energy will be less than 90% of the yield stress of the piles.

The WEAP analysis is required by the GBSP to be submitted to the Bureau of Bridges and Structures
(BBS) for review and approval. The WEAP analysis is a function of the hammer, hammer
accessories, pile, and soil properties and as such the necessary hammer data should be included with
the submittal for the BBS’s consideration as outlined in the GBSP. The WEAP submittal should also
include an Inspector’s chart that indicates hammer stroke or energy versus pile penetration rate near
Rn. The BBS will also typically provide a graph similar to that indicated below in the response back to
the District to assist Inspectors in observing the pile driving operation.
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8 Test Piles

Test piles are specified to provide site specific pile bearing vs. length data, which is used by the
Department during construction to verify the required length to be ordered for the production piles. As
such, test piles shall be driven prior to ordering the production piles. The abutment and pier plan
sheets should be reviewed to determine which substructure units require test piles.

Test piles are required by the Standard Specifications to be at least 10 ft longer than the estimated
length shown on the plans for the production piles and are required to be driven to a bearing 10%

greater than the Ry shown in the plans. Test piles must be of the same type and satisfy the same

splicing and pile shoe requirements specified for the production piles and be driven with the same

hammer equipment that will be used for the production piles.

Following is a sample procedure that provides guidance for the installation of test piles:

1. Excavate or construct the embankment to within 2 ft of the bottom of footing or substructure
elevation.

2. Locate test piles as far as possible from the soil boring locations. The general plan of the

structure that is typically located near the beginning of the structure plans generally shows the

conceptual location of the boring logs.

Notify the District Office prior to driving the Test Pile.

Establish the referenced driving elevation for monitoring the penetration of the pile into the ground.

Measure and mark the test pile in 1 ft increments to allow the pile driving data to be recorded in

the Test Pile Driving Record (Form BBS 757). An example of Form BBS 757 is included in the

Appendix and may be downloaded from: http://www.dot.il.gov/bridges/bridgforms.html.

6. Record the average blows per inch over each foot of pile penetration until the required driven

bearing for the test pile has been achieved.

Mark and measure the cut-off elevation for the test pile.

Plot the driving record versus the boring log data. This is generally only necessary when the

Inspector notices a significant decrease in the pile bearing as the pile is being driven. Graphing

the driving record versus the boring log can help rationalize unexpected driving behavior. An

example graph is provided below.

9. Determine the lengths of the remaining production piles based upon the test pile data.

10. Provide a letter to the Contractor containing a list of the authorized lengths to be furnished for the
production piles. A copy of the letter must be retained in the contract documentation file. An
example letter to a Contractor authorizing the length of piles to be furnished is provided in the
Appendix.

o s w

® N

Test piles will generally be driven in a production pile location but may occasionally be driven outside
production pile locations. Test piles driven in production pile locations shall be cutoff as production
piles and shall be cutoff or extracted as directed by the Engineer when driven elsewhere. Steel test
piles driven as production piles shall be painted when also specified for the production piles.
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9 Material Inspection, Handling, and Storage

9.1 Material Inspection

All piling arriving at the job site should have evidence that it was inspected and approved prior to
shipment. The District Materials Office should be contacted immediately if piling arrives at the jobsite
without evidence of having been inspected as such piling is not acceptable for use until there is proper

evidence of inspection.

Steel piling is required to be labeled with heat numbers that agree with the heat numbers printed on
the certification papers or else the piles cannot be used. These heat numbers should be recorded in
the field pile driving record book. Inspectors should also verify that all iron and steel products have
been domestically manufactured per requirements mandated by Federal and State Laws.

Approved piles may be identified according to the acceptable evidence indicated in the 2009 Project
Procedure Guide. Excerpts from the Project Procedure Guide identifying acceptable evidence of
inspection and approval are provided in the Appendix and the entire guide may be accessed at:
http://www.dot.il.gov/materials/ppgfinal.pdf. An example of a steel pile labeled with a heat number
and evidence of inspection is indicated below.

Note that if steel piles are delivered from a Contractor’s yard, the Contractor must provide
manufacturer’s certification and heat numbers even if there is evidence of past inspection.
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Example Heat No. and Evidence of Inspection

All piles should be inspected upon arrival to ensure that the piles were not damaged during shipping.
Inspectors should also verify that pile shoes, if required, have been attached to the piles with a quality
continuous groove weld.

9.2 Handling and Storage

Piles delivered to the job site shall be stored and handled in a manner that protects them from
damage in accordance with Article 512.08 of the Standard Specifications.

Timber piles shall be stored off the ground on wooden supports in a manner that permits air space
under the piles and prevents contact with standing water. Timber piles shall be protected from the
weather if they are being stored for an extended period of time and shall be handled with rope slings
to minimize surface damage.

Precast and precast, prestressed concrete piles shall be stored with supports placed at the locations
indicated on the shop drawings. Concrete piles shall be lifted using bridles attached to lifting points
that are clearly marked on the piles or by using lifting devices cast into the concrete pile. Improper
lifting or handling of the piles may result in cracked or spalled concrete.

Metal shell piles shall be stored on wood cribbing in a manner that will prevent bending, distortion, or
other damaged to the piles and prevent dirt, water, or other foreign material from entering the pile.

H-piles shall also be stored off the ground using wood cribbing or skids in a manner that prevents
distortion of the piles or damage due to excessive deflection. The Contractor shall use sufficient lifting
points when handling the piles to ensure that member stresses do not exceed 80% of the yield
strength of the member.



10 Pile Driving

10.1 Preparation

Final preparation for driving the production piles includes ensuring that the footing has been
excavated to the required elevation and that the pile layout has been properly staked.

Article 512.09(b) of the Standard Specifications requires that all precast concrete piles be saturated
with water over their entire length for a minimum of 6 hours prior to driving.

Pre-cored holes shall be provided for the piles at the substructure units indicated in the plans. The
plans will also specify the required diameter and depth of the holes. Pre-cored holes are generally
specified on the plans when piles are being driven through new embankments or where the presence
of dense soil layers are identified in the soil boring logs during design that could cause damage to a
pile. Voids around the piles shall be backfilled with dry, loose sand after the piles have been driven in
accordance with Article 512.09(c) of the Standard Specifications.

Prior to being lifted into the leads, the piles should be marked in 1 ft increments to facilitate recording
Ny as the pile penetrates the ground and inspected to verify that the piles remain in satisfactory
condition for the intended use. It is also recommended that Inspectors inquire with Contractors to
determine the means and methods that will be used to lift the piles into the leads.

It is important to investigate the means and methods that the Contractor will be using to lift the piles
into the leads as Contractors have a history of cutting lifting holes in the pile. Depending upon the
size and location of the hole, potential effects include a weakened pile cross section, an undesirable
reduced structural capacity, and additional risk of the pile buckling during driving.

The Department is currently investigating the effects of providing such holes in the piles and does not
have a firm policy at this time. While it is preferred that piles be handled using a choker or with lifting
holes located in the piles above the cut-off elevation, the following table has been used as a guide for
many years.

cne two one two

hole holes hele holes

per per per per
Pile Size flange flange web web
HP 8 x 36 S . 3754 i1.c00" .5
HP 10 x 42 oL 5" 1.375" .6875"
HP 10 x 57 p L w5 Ly 3 TSN :-6875"
HP 12 x 53 L 2B .B25" l1.625" +8125"
HP 12 x 63 1.25" .625" L 625" .8125"
HP 12 x 74 I 25M .B25" i.e25" .8125"
HP 12 x B4 1. 251 625" 1,.625™ .8125"
HP 13 x 60 a1 .625" 1.75" .875"
HP 13 x 73 1.375" .6875" 1750 .875"
HP 13 x 87 13750 .6875" L5 875N
HP 13 x 100 13751 .6875" 1. 75N + 8754
‘HP 14 x 73 -5 L7aH 1.875" .5375"
HP 14 x 89 T 5 wZ o 1.875" -2375"
HP 14 x 102 A ST v Y 1.8750 .9375"
HP 14 x 117 1.5 .75 1.875™n .9375"

Recommended Maximum Hole Sizes in H-pile Webs and Flanges

It is also recommended that the holes, drilled or burned, be circular in shape and located at least 6 in.
above or 10 ft below the bottom of the foundation. The minimum distance between the edge of a hole
and any edge of the pile is recommended to be not less than the larger of 1 in. or the diameter of the



hole and that the minimum distance between two holes should not be less than the larger of 1 in. or
twice the diameter of the hole. Inspectors should contact the BBS if they have any concerns
regarding the use of lifting holes proposed by the Contractor.

Prior to commencing pile driving, the Inspector should also prepare a hardback field book or other
record that allows the pile driving data to be permanently recorded in a complete and accurate
manner. The following data should be recorded at a minimum:

Foundation diagram showing the pile layout.

Location of the foundation.

Pile type.

Nominal required bearing (Rn).

Number of pile required.

Furnished length of piles.

Driving equipment used.

Required blows per inch of pile penetration into the ground (N,) for vertical and battered piles.
. Date driven.

10. Names of the Inspectors.

11. Tabulation of furnished lengths, cutoffs, & driven lengths.

CoOoNOOThWN

Provided below is an example of hardback field book configured to record pile driving data.
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10.2 Pile Driving Operation

Prior to commencing the driving operation for production piles, Inspectors should be familiar with the
make and model of the hammer that will be used by the Contractor and already have calculated the
acceptable operating energy range for the hammer. Inspectors should also visually inspect the
hammer so that they will understand how to verify the hammer energy during driving including being
able to determine the bounce chamber pressure for double acting hammers and the stroke height of
the ram for single acting hammers. Note that for single acting diesel hammers, the stroke height may
also be estimated by counting the blows per minute (BPM) and using the following formula.

H = stroke height (ft) = 14’40(2) -0.30
BP.




It is also recommended that Inspectors have on hand the acceptable range and value of N, that
corresponds to the anticipated operating energy for the hammer and Ry. Inspectors will need to
establish a reference for measuring N, as the pile is being driven and penetrates the ground.
Inspectors will typically find that there are markings located on the pile leads that will assist in
measuring N, by serving as a reference mark relative to the 1 ft increments that are marked on the
piles.

Inspectors are also required to verify that position and alignment of the piles are within the tolerance
specified in Article 512.12 of the Standard Specifications and summarized below.

= The variation from vertical or specified vertical alignment shall be no more than 0.25 in. per ft.

= No visible portion of the pile shall be out of plan dimension by more than 6 in. provided that a
design modification is not necessary or forcing the pile into tolerance will not cause damage to the
pile.

The pile leads play a critical role in ensuring that the piles are driven within the tolerances required by
the specifications. The Piling GBSP requires that the leads be long enough to drive piles 10 ft longer
than the estimated plan length unless that length is greater than 55 ft or the project has vertical
clearance restrictions. To assist in maintaining alignment, swinging leads are required to be set or
toed into the ground. Restraints, such as chains or wood blocking, may also be necessary between
the leads and the piles as the piles are being driven to maintain alignment of the piles and satisfy the
required tolerances.

10.3 Penetration of Piles

Piles shall be installed to a penetration where the Rypg is greater than or equal to Ry where Rypg shall
be calculated using the WSDOT formula. In addition, piles shall be driven to a minimum tip elevation
when specified on the plans or a minimum tip elevation that is at least 10 ft below the bottom of the
footing or 10 ft into undisturbed earth.

Except to satisfy the minimum required tip elevations, the Piling GBSP indicates that piles are not
required to be driven:

= More than 1 additional foot after Rypg > Rn
» More than 3 additional inches after Rypg > 1.1*Ry
» More than 1 additional inch after Ryps > 1.5*Ry

Piles that have been driven to approximately their full furnished length and have not been driven to
the full nominal required bearing but are within 85% of the required bearing (i.e., Rnps > 0.85 x Ry)
shall be left for a minimum of 24 hours to allow soil set-up to occur. Soil set-up refers to the
dissipation of excess pore water pressures and reconsolidation of the soil around the pile that occurs
over time resulting in an increase in pile capacity. Increases in pile capacity shall be determined by
warming the hammer by applying at least 20 blows to another pile followed by driving the subject pile
an additional 3 inches. If the data from driving the pile an additional 3 inches indicates that Ryps > Ry,
then the pile shall be accepted. Otherwise, it may be necessary to splice additional pile length and
continue driving.

Minimum tip elevations may be specified on the plans to ensure that the embedment of the pile is
sufficient to develop the required geotechnical capacity of the pile. Locations that are considered
susceptible to significant scouring (erosion of the channel or streambed due to stream flow) will often
have a minimum tip elevation specified on the plan to ensure that the required capacity of the pile is
developed below the maximum depth of estimated scour. All structure plans involving stream
crossings will have a Design Scour Elevation Table provided with the general plan and elevation view



of the structure indicating the depth of the estimated scour that was considered in the design of the
structure.

Inspectors should pay close attention to the operating energy of the hammer to ensure that the
maximum permissible hammer energy is not exceeded. Also, Inspectors have been observed in the
past instructing piles to be driven a nominal amount after the required nominal driven bearing has
been achieved as an added factor of safety. Exceeding the maximum allowed hammer energy and
driving piles beyond the required bearing may result in damage to the pile and should be avoided.
The BBS should be contacted for further disposition in the event that piles become damaged during
driving.

Inspectors are required according to Article 512.04(c) to inspect the interior of all driven metal shells
for damage and deformations using a Contractor supplied lamp or mirror. The interior of metal shell
piles are typically very cloudy immediately following driving and may need to be inspected at a later
time. The tops of metal shell piles shall be temporarily seal off following inspection if the piles will not
be filled with concrete shortly after being driven.

Provided below are examples of piles that were damaged during driving.
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10.4 Advanced Inspection Tools

The continuing evolution of technology has brought about some advanced tools to assist Inspectors
with monitoring pile driving. One such tool is the Saximeter. The Saximeter is a wireless handheld
device that detects and counts hammer blows through sound recognition as an impact type hammer
strikes the piles. The device records BPM’s and blow count versus depth where the depth of
penetration can either be automatically recorded using optional depth sensors mounted to the
hammer or the depth of penetration can be manually recorded by the Inspector with the push of a
button as the 1 ft increments marked on the pile pass the chosen reference plane. There are also
optional sensors that can be mounted to the hammer to directly determine the hammer energy at the
point of impact. For single acting diesel hammers, the Saximeter will also estimate the fall height of
the ram and hammer energy based upon the recorded BPM. Data recorded by the Saximeter can
either be printed in the field or downloaded to a PC for further processing.



Shown below is a schematic of a Saximeter and a sample output. Additional information for the
Saximeter can be found at http://www.pile.com/.
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Saximeter Recording Device Example Saximeter Output

Another tool that is useful for determining Rypg is a Pile Driving Analyzer (PDA). The PDA is a data
acquisition system that measures the strain and particle acceleration in a pile due to the hammer
impact. Acceleration and strain sensors are required to be attached to the piles to measure the data.
The data is transferred to a data collection device and analyzed to determine the driving stresses and
Rnoe. The PDA data can also be downloaded to a PC and analyzed with the computer software
CAPWAP to provide a more refined assessment of the driving stresses and Ryps.

The Rnpg determined from the PDA is considered to be a more accurate measure of the Rypg than
that predicted by the WSDOT formula. IDOT has purchased PDA equipment and is currently using it
in conjunction with the second phase of a pile research project with the U of I. IDOT will retain
ownership of the PDA equipment at the end of the research and IDOT staff is currently being trained
on its use as the research progresses. The PDA equipment has been brought in and used on a few
past projects where the Ryps estimated with the pile driving data and dynamic formulas contained in
the specifications seemed suspect. Inspectors may contact the BBS and request use of the PDA
equipment if they believe they are experiencing problems with the pile driving data on their project.
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11 Pile Splices

Pile splices are generally needed because the required pile lengths are too long for hauling or
allowing the piles to be driven in one piece or because low headroom or height restrictions exist.
These splices are commonly referred to as planned splices. Pile splices may also be required due to
a variance in field conditions and need to drive additional pile length to attain the required Ry. These
splices are generally considered to be unplanned splices. The splicing requirements vary depending
upon pile types as discussed below.

11.1 Timber Pile Splices

Timber pile splices are covered by Article 512.06 of the Standard Specifications. Planned timber pile
splices are not allowed and unplanned splices shall be made using galvanized metal components
consisting of 4 plates or a pipe sleeve that is anchored above and below the splice joint as indicated
in the specifications.

11.2 Precast Concrete Piles

Splices for the purpose of driving additional pile length is not allowed as indicated in Article 512.03 of
the Standard Specifications. If the top of the driven pile elevation needs to be increased to satisfy the
required cut-off elevation, the piles shall be extended by field casting additional length onto the top of
the piles using the pile extension details indicated on the standard base sheet for precast concrete
piles.



11.3 Metal Shell and H-piles

Planned splices for metal shell and H-piles may be used when the estimated pile lengths shown in the
plans exceed 55 ft, vertical clearance restrictions exist, or the furnished pile lengths authorized to the
Contractor exceeds the estimated plan length by more than 10 ft. Attempts should be made to locate
planned splices a minimum of 10 ft below the bottom of the footing, abutment of pier.

Unplanned splices shall be used for metal shell and H-piles when the length of pile required to be
driven to achieve the plan Ry exceeds the authorized length of the piles given to the Contractor in
accordance with Article 512.16 of the Standard Specifications.

All splices for metal shell and H-piles are required to develop the full axial and bending capacity of the
piles and shall be made using welded splices that are in compliance with the splice details provided
on the standard base sheets for each of the pile types (provided in the Appendix). Splices for H-piles
may be made using welding splice plates or with the combination of a commercial splicer and flanges
that are spliced using a full penetration weld or with welded splice plates. Metal shell piles may be
spliced using a full penetration weld along with an interior backing ring or with a commercial splicer
that permits a fillet weld around the exterior circumference of the shell. Full penetration welds (i.e., full
thickness groove welds) require greater preparation effort and are usually more difficult to complete.
Also, all splice plate material and commercial splicers are required to satisfy the same material and
certification requirements as for the piles.

All welding shall be performed by welders that are certified according to the requirements of AWS
D1.1 (Structural Welding Code) or D1.5 (Bridge Welding Code) as state in Article 512.07 of the
Standard Specifications. Inspectors should obtain written weld procedure certifications from the
Contractor indicating that the welder has exhibited tested skill and ability to deposit sound metal for
the proposed welding process, weld type (fillet or groove weld), and welding position (generally flat,
horizontal, vertical, or overhead). An example of an AWS welder certification card and description of
the certification abbreviations is provided in the Appendix.

Inspectors should review the various weld symbols indicated on the base sheet and become familiar
with their meaning. Provided below is a brief description of welding symbol terminologies with the
weld symbols common to the pile splices highlighted.

Inspectors should verify that joints have been properly prepared for the type of weld. For example, full
penetration groove welds require that the plate material on one side of the splice be beveled for the
full thickness of the specimen and that backing plates be provided as indicated below. Inspectors
should also verify that welds are the correct size and length. Also, fillets welds greater than 5/16
inches and most full penetration groove welds require that the welds be completed with multiple
passes. Inspectors should inspect the quality of the weld for evidence of porosity in the weld or
narrow beads of weld that would suggest too fast of a travel speed during the welding which can
indicate improper fusion or penetration.
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12 Pile Cutoffs

The pile cutoff elevation refers to the top of pile elevation indicated in the plans and “pile cutoff” refers
to the excess length of furnished pile above this elevation. After piles have been driven to the
minimum tip elevation or required Ry, the cutoff elevation shall be marked on the piles and the piles
cut off perpendicular to their longitudinal axis in accordance with Article 512.13 of the Standard
Specifications. The remaining pile shall be free of damage or bruising and the pile cutoffs retained on
site and properly stored until the pile driving operating is complete in case pile splices are required at
other locations.

The pile cutoff data shall be recorded in the field book and all final field recorded pile driving data shall
be transferred to Form BBS 2184: Production Pile Driving Data. A completed example of the form is
provided in the Appendix and the form may be downloaded from:
http://www.dot.il.gov/bridges/bridgforms.html.

13 Filling Metal Shell Piles with Concrete

Metal shell piles are required to be filled with concrete in accordance with Article 512.04(e) of the
Standard Specifications. Prior to filling the metal shells with concrete, the interior of the piles should
be inspected again to ensure they remain free of water and other foreign substances. The pile driving
operation and filling the metal shell piles with concrete shall be coordinated so that no piles are driven
within 15 ft of a filled shell until a minimum of 24 hours has passed.

In addition, any reinforcement that is required to be placed in the top of the pile as indicated in the
plans shall be rigidly tied together and lowered into the shell prior to placing the concrete per Article
512.04(d) of the Standard Specifications. Finally, the top 10 ft of concrete shall be internally vibrated
as the piles are being filled.

14 Piles, Formwork, & Reinforcement

As the substructure construction continues following pile driving, it may become apparent that the pile
locations interfere with the plan placement of the substructure reinforcement or the Contractor’s form
ties for the formwork. Inspectors need to monitor such interference as Contractors have cut holes or
notches in the piles to provide clearance for the reinforcement or to accommodate the form ties. The
potential undesirable impact of such holes or notches is the same as that previously discussed for
lifting holes placed in piles.

Reinforcement should typically be detailed in the plans to allow it to be placed and spaced around the
piles. If pile interference is a problem for placing the reinforcement in accordance with the structure
plans, the BBS should be contacted for further disposition. Provided below is an unacceptable
practice of notching piles to facilitate reinforcement placement.
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mple of Unacceptable Notches Cut into Piles

IDOT is simultaneously looking into the issue of providing lifting holes in piles and providing holes in
piles to accommodate form ties. It is preferred that the Contractor’s formwork and means and
methods of construction avoid the need to provide such holes in piles. If such holes are required for
the form ties, it is recommended that they satisfy the same recommendations previously discussed for
lifting holes and be spaced no closer than 8 inches vertically. Inspectors should contact the Bridge
Office with any concerns that they may have.




15 Determining & Documenting Final Contract Quantities

15.1 Methods of Payment & Units of Measurement

Provided below is a description of the methods of payment and units of measurement to be used for
payment per Articles 512.17 and 512.18 of the Standard Specifications.

= Test Piles — Each
= Pile Shoes — Each

o These pay items shall be paid for at the contract unit price each.
o Enter these items in the Quantity Book according to the date and location.
o Shoes for test piles are now paid for separately instead of being included in the cost of the

test pile.
» Furnishing Piles (of the type specified) — Foot (Meter)

o Payment will be made for the total lineal feet (meters) of all piles delivered to the site of
work in accordance with the itemized list furnished by the Engineer. Field measurements
must be on record.

o Extra compensation as “furnishing piles” will not be allowed for portions of piles extended
using pile cutoffs.

o Other authorized pile lengths for the purpose of field extensions or “build-ups” will be
allowed for payment.

= Driving Piles — Foot (Meter)

o Payment will be made for the total linear feet (meters) of all piles left in place below the pile
cutoff elevations. Field measurements must be record.

o Authorized splices will be paid for as extra work in accordance with Article 109.04 of the
Standard Specifications. Form BC-635, Extra Work Daily Report, should be used to
document this work and may be accessed at: http://www.dot.il.gov/const/conforms.html.




15.2 Determining Pile Pay Lengths

The information recorded on the Pile Driving Data Form previously discussed should be used to
determine the Pile Pay Lengths for the Final Payment Estimate. Following is a procedure for
determining the Pile Pay Lengths.

x = Top of Pile
S Elevation
5’ 1. Provide Contractor length of pile to furnish.
e L
2 |8 2. Measure the Length of pile Delivered
a ¥ Cut off
EE Elevation 3 Determine Pay Length for Furnishing Pile.
S e
g [B |- 4. Drive the pile.
§ B E 5. Mark the Plan Cut off Elevation on the pile.
| ?.E 6. Determine the Cut off
;? A 7. Determine the Pay Length for Driving Pile
N W

Following is an illustration for the procedure discussed above.

rmE
§ ‘;E: g“ 1. You instructed Contractor to furnish 45 ft Piles
E é 8 2. Measure the Length of pile Delivered (ft) 4375
?;j ;2 i 42|_4(}3. Determine Furnishing Pile Pay Length (ft) —45.00
jéé ;"E; e 4. Drive the pile
E% E En;; 5. Mark the Plan Cut off Elev. on pile 421.40
% Q‘E’E 6. Determine the Cut off (ft) 6.25
E;,‘" ,;‘: E:’ 7. Determine Pay Length for Driving Pile (ft)[ 39;—|

o
ke
|

e
e

Pay Furnishing Pile (ft) [ 45.00
Pay Driving Pile (ft) — 39.50




15.3 Determining Pile Pay Lengths: Class Problem #3

Determine the pile pay lengths for furnishing piles and driving piles and fill in the table below. In
addition, determine which splices are paid for via force account.

Given:

Estimated Plan length = 50’

There is a vertical clearance restriction at one location as noted
All piles will be end bearing on bedrock

i Pay
Furﬁiitt?:g IEZ?\gth DLi: ::,getr:g gﬂﬂig E:rt\goth: . Length -
(by Letter) Length Furnish Drive

50 50 - 3
50 55 - 3
50 45° - 3
30 55 - 10
50 50 10’ 2

50 50 10? 2

50° 2@25 1

Total

As Measured in the field.

1. State furnished splice length.

2. Contractor furnished splice length.

3. Overhead power lines restrict equipment height to 40’

4. The Engineer allowed the use of a 45’ pile with the stipulation the pile would be extracted and
replaced with a longer (end bearing) pile if 45’ is too short.




15.4 Determining Pile Pay Lengths: Class Problem #4

Determine the pile pay lengths for furnishing piles and driving piles and fill in the table below. In
addition, determine which splices are paid for via force account.

Given:

Estimated Plan length = 70’

Contractor’s equipment capable of driving a 50’ segment

. Pay
Authorized Delivered Added Cut Off Length
Furnished Length Lenath* Splice Lenath

(by Letter) 9 Length 9 Furnish Drive

70 2@40 - 20

110 3@40 10 5

100 2@50 - 1

Total

* As Measured in the field.

1. State furnished splice length.
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State of lllinois

Department of Transportation
CONSTRUCTION INSPECTOR’S CHECKLIST
FOR
PILING

While it is not required, this checklist has been prepared to provide for the field inspector a summary
of easy-to-read step-by-step requirements for the installation and inspection of foundation piling
(Section 512). The following questions are based on the requirements found in the Standard and
Supplemental Specifications, and appropriate sections of the Construction Manual.

1. PLAN AND SPECIFICATION REVIEW

Prior to starting work on an item, have you checked the contract Special Provisions
and plans to see if any changes or modifications have been made to the Standard
and Supplemental Specifications?

On bridge construction and reconstruction contracts have you checked the
proposed or existing span lengths prior to starting work? (The contract may make
this the responsibility of the Contractor.)

On bridge construction and reconstruction contracts have you checked the existing
or proposed vertical or horizontal clearances?

Prior to the start of construction, have you checked the plan elevations of the
bottom of footings, intermediate substructure components and bearing seat
elevations of abutments and piers to ensure they correspond to the appropriate top
of deck elevations and dimensions shown on the superstructure plans?

Have you reviewed the appropriate sections of the Construction Manual
(Structures), Documentation Section, Project Procedures Guide and Forms?

Has the structure been surveyed to establish the baseline of the structure, bearing
lines of piers and backs of abutments? Has an independent check of your
calculations and layout been performed before the Contractor starts work?
(Construction Manual Survey Section)

2. DETERMINE HAMMER ENERGY REQUIREMENTS

Has the contractor provided you with the data and necessary correlation charts for
determining the energy “E” developed by the hammer per blow for the pile hammer
proposed for driving piles? -
If the contract indicates a Wave Equation analysis will be used to drive the project

piles, have you submitted the contractor’s analysis to central Bureau of Bridges and
Structures for their review and approval?



If the plans do not indicate a WAVE Equation analysis is required, does the
hammer meet the following energy requirements:

WSDOT Energy Requirements

A. Minimum Hammer Energy:

E> 32.90 x Ry+ Fer (English) E> 10.00 x Ry =+ Fet (Metric)
B. Maximum Hammer Energy:

E< 65.80 x Ry+ Feit (English) E< 20.00 x Ry + Feff (Metric)

Where:
Rn = Nominal Required bearing in kips (kN)
E = Energy developed by the hammer per blow in ft-Ibs (J)
Fer = Hammer efficiency factor defined as follows:
= 0.55 for air/steam hammers
= 0.37 for open-ended diesel hammers and concrete or timber piles
= 0.47 for open-ended diesel hammers and steel piles or metal shell piles
= 0.35 for closed-ended diesel hammers
= 0.28 for drop hammers

Additional Hammer Requirements (by Hammer type):

Air/Steam Hammers
Is the total weight of the striking parts at least 1.4 tons (1.3 metric tons) and not
less than 1/3 the weight (mass) of the Pile and drive cap?

Diesel Hammers

Open-end (single acting) hammer: Is the hammer either equipped with a device to
measure ram impact velocity or speed of operation (with the necessary correlation
charts) or designed such that the stroke height can be directly observed?

Closed-end (double acting) hammer: |s the hammer equipped with a bounce
chamber pressure gauge that is easily readable?

Closed-end (double acting) hammer: Has the Contractor provided the correlation

chart and hammer data to determine the energy developed by the hammer with
each blow?

Drop hammers
Shall not be used for driving:
Precast and Precast Prestressed Concrete Piles.
Piles with a Nominal Required Bearing (Rn) > 120 kips (533 kN)
Is the hammer ram weight (mass) at least 1 ton (0.9 metric tons)?
Is the Ram weight at least equal to the combined weight of the pile and drive cap?

Does the fall of the ram not exceed 15 ft. (4.6 m)?



Hydraulic hammers:
Is the hammer equipped with an energy reading device?

Has the contractor provided a wave equation analysis for the proposed hammer?
(The WSDOT formula is NOT acceptable)

DETERMINE THE NUMBER OF REQUIRED HAMMER BLOWS

Have you determined minimum number of blows/inch (blows/25mm) “N,”, to obtain
a Nominal Driven Bearing (Rnps) of the pile equal to or exceeding the Nominal
Required Bearing (Rn) shown on the plans?

WSDOT Formula

1000R py 1000R j
6.6F.ffE 21.7F¢fE
Nb — _  (English) Nb — (Metric)
10 10

Where:
Rn is the Nominal Required Bearing in kips (kN)
E is the Energy developed by the hammer per Blow in ft-lbs (J)
Ny is the number of hammer blows per inch (25mm) of pile penetration
Ferr is the hammer efficiency factor

TEST PILES

When test piles are specified, are the following requirements being met:

a. Location. Are the test piles being located at the substructure foundation
designated in the plans?

Within the designated substructure foundation, are you locating the test pile

as far as possible away from the nearest soil boring?

Are Test piles driven in a production location cut off as production piles?

Are Steel test piles driven in a production location painted when painting is
specified for the production steel piles?

Are Test piles not driven as production piles cutoff or pulled as directed by
the Engineer? (512.15)
b. Driving Elevation. Has the excavation or embankment placement at the test
pile location been completed to an elevation within 2 ft (600 mm) of the plan
bottom of footing or plan pre-core elevation? (512.15)
C. Pile Material. Is the test pile the same material and size as specified for the
production piles? (512.15)



5.

If pile shoes are specified for the production piles, is the test pile driven with
the required pile shoe?

Length. Is the test pile at least 10 ft (3 m) longer than the estimated length
of the production piles shown on the plans? (512.15)

Hammer. |s the hammer proposed to drive the test pile the same hammer
that will be used to drive the production pile? (512.15)

Notification. Are you notifying the District Office prior to driving the test pile?

Bearing. Are all test piles being driven to a Nominal Driven Bearing (Rnps) =
1.1 x Nominal Required Bearing (Ry) shown on the plans? (512.15)

Are all Nominal Driven Bearing (Rnps) being determined by the WSDOT
formula:

Wave (only when specified or hydraulic hammer is used)

Are all Production Pile Nominal Driven Bearings (Rnps) > the Nominal
Required Bearing (R\y) indicated on the plans? (512.11(a))

Does the pile penetrate to at least the minimum pile tip elevation specified,
or if none is specified, at least 10 ft (3 m) below the bottom of footing
elevation or 10 ft (3 m) below undisturbed earth?(512.11(b))

Records. Are the test piles marked off in 1 ft (300 mm) increments and the
blows/inch recorded over each 1 ft (300 mm) on Form BBS 757, Test Pile
Driving Record? (512.15)

Length Determination. Are the lengths of the production piles being
determined from an analysis of the test pile data, boring data and estimated
plan lengths?

Have you given the Contractor a written itemized list of pile lengths to be
furnished? (512.16)

Is a copy of this list being retained in the contract documentation files?

Are you preparing and sending a copy of the BBS 757 to BBS?

STORAGE AND HANDLING

a.

Timber Piles. Are the treated timber piles stored at the site of the work in
accordance with the requirements of 1007.13 and handled in accordance
with Articles 507.05 and 1007.13? (512.08(a))

Are the piles being stored off the ground on solid timbers of size and so
arranged as to support treated materials without producing noticeable
distortion and not subjected to standing water? (1007.13/AWPA Std M4)

Are the piles being handled with rope slings and in accordance with Article
507.05(a) and 1007.13? (512.08(a))



Precast Concrete Piles. Are precast and precast prestressed concrete piles
being lifted and stored at the bridle points shown on the precast shop
plans? 512.08(b)

Steel piles. Are steel H-piles being supported on skids or other supports
sufficiently spaced to keep the piles clean and free from injury?
(512.08)(c)/505.08(c) & Construction Manual Section 512.08)

Metal Shell Piles. Are metal shell piles being stored off the ground and in a
manner to prevent dirt, water or other foreign material from entering the
shell? (512.08(d))

Are metal shell piles being stored on sufficient cribbing to prevent bending,
distortion or other damage to the shell? (512.08(d))

PREPARATION FOR DRIVING

a.

Prior to the start of driving piling, has the footing been excavated to grade?
(512.09)

Have cross sections been taken to determine pay quantities for structure
excavation?

Have the pile locations been staked and checked?

Has the entire length of all Precast Concrete Piles been kept saturated at
least six hours prior to driving? (512.09(b))

If pre-coring of the embankment is specified on the plans, has the contractor
pre-cored to the required depth and diameter shown on the plans?

PILING DOCUMENTATION

Are you preparing a field book or other record so that a permanent record can be

made of the following: (Construction Manual Section 512.11)
a.

b.

A numbered diagram of the location of piles in each substructure location.

The authorized length to be furnished as per the written itemized list
provided to the Contractor.

The actual measured length of each piling delivered.

The actual measured length of each cutoff

The length driven (length of pile furnished-- cutoff length)

The hammer blows per inch (25 mm) “N,”, Hammer energy “E” imparted

and corresponding calculated Nominal Driven Bearing (Rnps) at the final
bearing.



MATERIAL INSPECTION

a.

Have you inspected all piling to see if they have been approved prior to
shipment? (Construction Manual Section 512.08 & PPG)

Are you inspecting piling delivered for possible damage in transit?

If pile shoes are specified, do they meet the requirements indicated in the
plans & 1006.05(e)?

EQUIPMENT

a.

Drive Head. Are the heads of all piles being protected with a suitable
driving head? (512.10(b))

Pile Cushion. Are the heads of all Timber, Precast Concrete and Precast
Prestressed Concrete piles being protected by a Pile cushion?

Is the thickness of the Pile head cushion at least 3 inches (75 mm)?

Are you requiring the contractor to replace the cushion when it compresses
to less than 60% of its original thickness or begins to burn?

Hammer Cushion. Are you inspecting the Hammer cushion, when one is
required by the manufacturer prior to driving and after each 50 hours of
operation?

Is the hammer cushion being replaced when it is reduced to less than 75%
of its original thickness?

Leads. Is the pile and hammer being held in accurate alignment with pile
leads? (512.10(d))

Is the equipment adequate for driving piles at least 10 ft (3 m) longer than
the estimated pile length specified in the contract plans without splicing
(unless the estimated pile length exceeds 55 ft (17 m) or prevented by
vertical clearance restrictions)?

If swinging leads are used, are they firmly toed into the ground prior to
starting the pile driving operation?

Followers. If the contractor requests permission to use a follower to drive
pile, have you agreed to its use in writing?

Is the first pile in every group of ten being driven without a follower and the
data from that pile used to determine the average Nominal Driven Bearing
(Rnpg) of the other piles in the group?

Jets. If jets are proposed, have you approved their use?

Following termination of use of jets in a substructure unit, are you further
driving each pile in that unit to ensure the Nominal Driven Bearing (Rnps) is
equal to or greater than the Nominal Required Bearing (Ry)?



10.

11.

12.

TOLERANCES IN DRIVING

a. Are foundation piles being driven with a variation from the vertical or
required batter alignment of not more than '/, in/ft (20 mm/m). (512.12)

b. Are piles driven such that no visible portion of the pile is more than 6 inches
(150 mm) out of plan position, when such alignment does not require a
design modification and forcing in to this position does not result in injury to
the pile? (512.12)

PENETRATION REQUIREMENTS

a. Are you observing the hammer blows per inch (25 mm) to ensure the piling
is driven to a Nominal Driven Bearing (Rnps) equal to or larger than the
Nominal Required Bearing (Rn) shown on the plans?

b. If the pile has not achieved Nominal Required Bearing (Ry) at the full
furnished length, but has achieved at least 85% of Ry, are you allowing the
pile to set for at least 24 hours to achieve soil setup before splicing and
driving and additional length? (512.11)

When checking the Nominal Driven Bearing (Rnps) for soil setup, before
setting back on the pile, has the hammer been warmed up by applying at
least 20 blows to another pile?

Has Nominal Driven Bearing been determined by driving the pile over an
additional 3 inch (75 mm) distance?

C. When a minimum tip elevation is shown on the plans, is the penetration of
all foundation piles below the minimum tip elevation? (512.11)
When a minimum tip elevation is not shown on the plans are the piles being
driven to a penetration at least 10 ft (3 m) below the bottom of footing or into
undisturbed earth, whichever is greater? (512.11)
Note: When driving timber piles, if you are having problems achieving this
penetration, are you asking the Contractor to point the timber piles,
or allowing water and/or air jets (512.10(f)) in combination with the
hammer?

d. Are you checking that piles in stream beds or on banks of streams, where
erosion or scour is expected (as shown on the scour table shown on the
plans) that the pile tip penetrates to the minimum tip elevation shown on the
plans, or well below the scour elevation shown?

FIELD SPLICING OF PILES

When it becomes necessary to splice onto a partially driven pile because it has
become damaged in driving or because Nominal Required Bearing (Ry) shown on
the plans has not yet been reached, is the splice being performed in accordance
with the plan details and the following?



a. Precast or Precast Prestressed Concrete Piles.
NO splices are allowed in Precast or Precast Prestressed Concrete Piles.

If an extension is required, it should be constructed as shown on the plans.
(Pile is NOT redriven following constructing the extension) (512.03(c))

If the Nominal Required Bearing (Rn) cannot be achieved, have you notified
your supervisor to contact the Bureau of Bridges and Structures for further
instructions?

b. Metal Shell Piles.
Planned Splice: Does the estimated pile length exceed 55 ft (17 m), does
the required pile length according to Article 512.16 exceed the estimated
plan length by at least 10 ft (3 m), or do vertical restrictions exist?

Unplanned Splice: Are pile lengths required to be furnished beyond those
specified in Article 512.167

Is the Splice being accomplished by:
1. A Complete Joint Penetration (CJP) weld of the entire cross-section
as shown on the plans?

2. Use of a commercial splicer with a Department approved
commercial splicer welding detail as shown on the plans?

Is the welder making the splice qualified by test in accordance with the
qualification requirements of the American Welding Society (AWS) Standard
Specifications (Certification by independent test laboratory required). (512.07)

C. Steel “H” Piles.
Planned Splice: Does the estimated pile length exceed 55 ft (17 m), the
required pile length according to Article 512.16 exceed the estimated plan
length by at least 10 ft (3m), or do vertical restrictions exist?

Unplanned Splice: Are pile lengths required to be furnished beyond those
specified in Article 512.167

Is the splice being accomplished by:
1. The Department’s standard steel pile field splices shown on the
plans

2. Use of a commercial splicer with a Department approved
commercial splicer welding detail and flange splices as shown on
the plans?

Is the welder making the splice qualified by test in accordance with the
qualification requirements of the American Welding Society (AWS) Standard
Specifications (Certification by independent test laboratory required). (512.07)

d. Timber Piles. Planned splicing of timber pile is NOT allowed. For an
unplanned splice, is the added piece cut flush with and attached to the main

pile with the use of at least 4 steel plates or a metal pipe sleeve. (512.06)



13.

14.

15.

16.

17.

PILE CUTOFFS

a. Are you marking each pile at the cutoff elevation so that the Contractor can
cut them off square (perpendicular) to the axis of the pile? (512.13)

b. Once you determine that the pile cutoffs will not be needed as splices for
any of the other production piles, are you informing the Contractor that the
cutoffs are theirs and are to be disposed of at no additional expense to the
State? (512.13)

INSPECTION OF METAL SHELL PILES AFTER DRIVING

a. Are you inspecting the interior of all driven metal shell piles for bends or
other deformations that would impair the strength of the pile with a
Contractor-supplied lamp or mirror? (512.04(c))

b. After you have inspected and approved the metal shell piles, is the
Contractor temporarily sealing the top of the metal shell piles to prevent the
entrance of water or foreign substance? (512.04(c))

FILLING METAL SHELL PILES WITH CONCRETE

a. If all piles in a bent, pier or abutment cannot be driven before any concrete
is placed in the metal shell piles, is driving of the additional piles within 15
feet (4.5 m) being deferred until the concrete in the metal shell piles within
this zone is at least 24 hours old? (512.04(b))

b. If reinforcement is specified on the plans, is the reinforcement rigidly
fastened together and lowered into the shell before placing concrete? Are
spacers used to maintain the proper clearance into the top of the piles?
(512.04(d))

C. Just prior to filling metal shell piles with Class DS Concrete, are you
inspecting the interior with a mirror or lantern to be sure that all water and
foreign substance has been removed? (512.04(e))

d. When filling the metal shell piles with concrete, is the top 10 feet (3 meters)
of concrete being consolidated with internal vibration? (512.04(e))

BACKFILLING PRECORED HOLES

Are all pre-cored holes being backfilled with loose, dry sand after the piles are
driven? (512.09(c))

PILING DIAGRAM

Is a BBS 2184 being prepared for each substructure/footing for submittal to BBS?
(CM 512.11)



18.

Have you included a diagram numbering the piles driven and indicating their
locations and any deviations from plan locations?.

DOCUMENTATION OF FINAL CONTRACT QUANTITIES

TEST PILES - Each
PILE SHOES - Each

Shall be paid for at the contract unit price each. Enter in Quantity Book by date and
location.

FURNISHING PILES (Of the various types and sizes specified) - Foot (Meter)

Payment will be made for the total lineal feet (meters) of all piles delivered to the
work in accordance with the written itemized list of furnished lengths provided by
the Engineer. Field measurements of the delivered lengths must be on record.

If cutoffs are used in splicing on additional lengths, no extra length compensation
will be allowed.

Other authorized field additions or “build-ups” will be allowed for payment.
DRIVING PILES - Foot (Meter)

Payment will be made for the total lineal feet (meters) of all piles left in place below
cutoff elevation. Field measurements must be on record.

Authorized, unplanned splices will be paid for as extra work in accordance with
Article 109.04. Use Form BC 635 to document this work.

When the lengths specified in Article 512.16 exceed the estimated lengths specified
in the contract plans by at least 10 ft (3 m), “additional” field splices (for metal shells
and steel piles) required to provide the lengths specified in Art. 512.16 will be paid
according to Article 109.04. “Additional” field splices are field splices in addition to
the number of field splices already planned by the Contractor. Use Form BC 635 to
document this work.

d. Steel “H” Piles.
Planned Splice: Does the estimated pile length exceed 55 ft (17 m), the
required pile length according to Article 512.16 exceed the estimated plan
length by at least 10 ft (3m), or do vertical restrictions exist?

Unplanned Splice: Are pile lengths required to be furnished beyond those
specified in Article 512.167

Is the splice being accomplished by:
1. The Department’s standard steel pile field splices shown on the
plans

2. Use of a commercial splicer with a Department approved
commercial splicer welding detail and flange splices as shown on
the plans?



13.

14.

15.

Is the welder making the splice qualified by test in accordance with the
qualification requirements of the American Welding Society (AWS) Standard
Specifications (Certification by independent test laboratory required). (512.07)

d. Timber Piles. Planned splicing of timber pile is NOT allowed. For an
unplanned splice, is the added piece cut flush with and attached to the main
pile with the use of at least 4 steel plates or a metal pipe sleeve. (512.06)

PILE CUTOFFS

a. Are you marking each pile at the cutoff elevation so that the Contractor can
cut them off square (perpendicular) to the axis of the pile? (512.13)

b. Once you determine that the pile cutoffs will not be needed as splices for
any of the other production piles, are you informing the Contractor that the
cutoffs are theirs and are to be disposed of at no additional expense to the
State? (512.13)

INSPECTION OF METAL SHELL PILES AFTER DRIVING

a. Are you inspecting the interior of all driven metal shell piles for bends or
other deformations that would impair the strength of the pile with a
Contractor-supplied lamp or mirror? (512.04(c))

b. After you have inspected and approved the metal shell piles, is the
Contractor temporarily sealing the top of the metal shell piles to prevent the
entrance of water or foreign substance? (512.04(c))

FILLING METAL SHELL PILES WITH CONCRETE

a. If all piles in a bent, pier or abutment cannot be driven before any concrete
is placed in the metal shell piles, is driving of the additional piles within 15
feet (4.5 m) being deferred until the concrete in the metal shell piles within
this zone is at least 24 hours old? (512.04(b))

b. If reinforcement is specified on the plans, is the reinforcement rigidly
fastened together and lowered into the shell before placing concrete? Are
spacers used to maintain the proper clearance into the top of the piles?
(512.04(d))

C. Just prior to filling metal shell piles with Class DS Concrete, are you
inspecting the interior with a mirror or lantern to be sure that all water and
foreign substance has been removed? (512.04(e))

d. When filling the metal shell piles with concrete, is the top 10 feet (3 meters)
of concrete being consolidated with internal vibration? (512.04(e))



16.

17.

18.

BACKFILLING PRECORED HOLES

Are all pre-cored holes being backfilled with loose, dry sand after the piles are
driven? (512.09(c))

PILING DIAGRAM

Is a BBS 2184 being prepared for each substructure/footing for submittal to BBS?
(CM 512.11)

Have you included a diagram numbering the piles driven and indicating their
locations and any deviations from plan locations?.

DOCUMENTATION OF FINAL CONTRACT QUANTITIES

TEST PILES - Each
PILE SHOES - Each

Shall be paid for at the contract unit price each. Enter in Quantity Book by date and
location.

FURNISHING PILES (Of the various types and sizes specified) - Foot (Meter)

Payment will be made for the total lineal feet (meters) of all piles delivered to the
work in accordance with the written itemized list of furnished lengths provided by
the Engineer. Field measurements of the delivered lengths must be on record.

If cutoffs are used in splicing on additional lengths, no extra length compensation
will be allowed.

Other authorized field additions or “build-ups” will be allowed for payment.
DRIVING PILES - Foot (Meter)

Payment will be made for the total lineal feet (meters) of all piles left in place below
cutoff elevation. Field measurements must be on record.
Authorized, unplanned splices will be paid for as extra work in accordance with
Article 109.04. Use Form BC 635 to document this work.
When the lengths specified in Article 512.16 exceed the estimated lengths specified
in the contract plans by at least 10 ft (3 m), “additional” field splices (for metal shells
and steel piles) required to provide the lengths specified in Art. 512.16 will be paid
according to Article 109.04. “Additional” field splices are field splices in addition to
the number of field splices already planned by the Contractor. Use Form BC 635 to
document this work.

Revised to conform with the

Standard Specifications for Road and Bridge Construction
Adopted January 1, 2012
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wall shall be constructed in alternate sections each approximately 9 ft (2.7 m) in
width.

The fabric reinforcement shall be supported 2in. (50 mm) below the upper
surface of the slope wall by concrete blocks. A clear distance of 2 in. (50 mm) shall
be maintained between the fabric reinforcement and the outside face of any vertical
or inclined toe or cutoff wall. The fabric reinforcement shall be continuous across all
construction joints and shall extend into each section a minimum of 6 in. (150 mm)
from any adjacent previously placed section. Adjacent sections of fabric
reinforcement shall be lapped a minimum of 6 in. (150 mm) in all cases.

511.05 Method of Measurement. This work will be measured for payment as
follows.

(a) Contract Quantities. The requirements of the use of Contract Quantities
shall conform to Article 202.07(a).

(b) Measured Quantities. This work will be measured for payment in place and
the area computed in square yards (square meters). In computing the
quantity for payment, the dimensions used will be those established by the
Engineer to conform to the elevations of the natural ground line or stream
bed. The area for measurement will include the upper, sloped surface of the
wall. Anchor and cut-off walls will not be measured for payment.

511.06 Basis of Payment. This work will be paid for at the contract unit price
per square yard (square meter) for SLOPE WALL of the thickness specified.
SECTION 512. PILING
512.01 Description. This work shall consist of furnishing and driving piles.

512.02 Materials. Materials shall be according to the following.

Item Article/Section
=) I a0 o= g 111 o S SRR 1007.08
(b) Preservative Treatment ..........ccccooiiiiiiiiiiiiee e 1007.12
(c) Portland Cement CONCrete ........coccciiiiiiireiiiie e 1020
(d) Reinforcement Bars and Fabric ........ccccccviiiiiriniiieeeee e 1006.10
(€) Structural STEEI ......cccuviiiiiii e 1006.04
(f) Structural Steel Coatings ........cooeiiiiiiii e 1008
(g) Metal Shell PiliNg ....ooceiiiiiiiie e 1006.05(a)
(h) Steel PiliNg ...eoiiiiiiiieie s 1006.05(b)
() Pile SNOES ...eieeeieie s 1006.05(e)
(j) Fastenings for Timber Structures ...........cccccooveiiiiiieie i 1006.17
(k) Precast Concrete Products ............cccoveeiieiiiiiiiiicece e 1042
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CONSTRUCTION REQUIREMENTS

512.03 Precast Concrete and Precast, Prestressed Concrete Piles.
Precast concrete piles shall be manufactured according to Section 1042 and precast,
prestressed concrete piles shall be manufactured according to the Department’s
“Manual for Fabrication of Precast, Prestressed Concrete Products” in effect on the
date of invitation for bids.

(a)

(b)

(c)

Splicing. Splicing of precast concrete or precast, prestressed concrete piles
for the purpose of driving additional length will not be allowed.

Extensions. Extensions on precast concrete or precast, prestressed
concrete piles shall be avoided; but when necessary, they shall be made as
shown on the plans.

Reinforcement. Construction requirements for reinforcement bars shall be
according to Section 508.

512.04 Metal Shell Piles. Metal shell piles shall consist of a steel shell which
is driven into place and filled with concrete. The walls of all shells shall be of
sufficient thickness, but not less than the minimum specified, to permit driving without
distortion or damage.

(@)

(©)

Splicing. Splicing of metal shell piles shall be as follows.

(1) Planned Splices. Planned field or shop splices may be used when
allowed per Article 512.10 or when the lengths specified in Article
512.16 exceed the estimated lengths specified in the contract plans by
at least 10 ft (3 m). The location of planned splices shall be approved
by the Engineer and located to minimize the chance they will occur
within the 10 ft (3 m) below the base of the footing, abutment, or pier.

(2) Unplanned Splices. Unplanned field splices shall be used as required
to furnish lengths beyond those specified in Article 512.16. The length
of additional segments shall be specified by the Engineer.

All splices shall be accomplished by a complete joint penetration (CJP) weld
or a commercial drive splice with Department approved commercial splicer
welding detail. Welder qualification and certification will be required for all
splicing according to Article 512.07.

Driving. Whenever practicable, all piles for any one bent, pier, or abutment
shall be completely driven before any concrete is placed in the shells. If this
is impracticable, driving of additional piles within 15 ft (4.5 m) shall be
deferred until the concrete in all shells within this zone has been in place for
at least 24 hours from the time placing is completed.

Inspection. The Contractor shall have a suitable light available at all times
for illuminating the entire interior length of the shells. Driven shells shall be
watertight and free of bends, kinks, or other deformations that would impair
the strength or efficiency of the completed pile.



(d)

Piling Art. 512.05

If the shells are not filled with concrete shortly after being driven, the tops of
the shells shall be temporarily sealed.

Reinforcement. Construction requirements for reinforcement bars shall be
according to Section 508. Reinforcement shall be used inside the shells as
shown on the plans. Reinforcement shall be rigidly fastened together and
lowered into the shell before the concrete is placed. Spurs or spacers shall
be used to ensure the specified clearance for the bars.

Filling. Prior to filling with concrete, the metal shells shall be again
inspected. Any water or foreign substances found within shall be removed.
During filling, the top 10 ft (3 m) of concrete in the piles shall be consolidated
by internal vibration.

512.05 Steel Piles. Steel piles shall consist of structural steel shapes such as
H-piles or other sections indicated on the plans.

(a)

(b)

Splicing. Splicing of steel piles shall be as follows.

(1) Planned Splices. Planned field or shop splices may be used when
allowed per Article 51210 or when the lengths specified in
Article 512.16 exceed the estimated lengths specified in the contract
plans by at least 10 ft (3 m). The location of planned splices shall be
approved by the Engineer and located to minimize the chance they will
occur within the 10 ft (3 m) below the base of the footing, abutment, or
pier.

(2) Unplanned Splices. Unplanned field splices shall be used as required
to furnish lengths beyond those specified in Article 512.16. The length
of additional segments shall be specified by the Engineer.

All splices shall be accomplished by a complete joint penetration (CJP) weld
of the entire cross-section, or by the Department’s standard steel pile field
splice, or by the use of a commercial splicer with a Department approved
commercial splicer welding detail. Welder qualification and certification will
be required for all splices according to Article 512.07.

Painting and Field Connections for Trestle Bents. Before being driven or
placed, all steel piles, caps, splices, and bracing members in trestle bents
shall be shop painted with inorganic zinc-rich primer. When specified, after
the piles are driven and all bracing members, concrete caps, and
encasement are in place, all exposed steel shall be given one complete coat
of field paint. All painting shall be according to Section 506.

When piles are not driven sufficiently exact to line up with bracing members,
fills or shims shall be furnished and placed to secure proper attachment of
the bracing.

Pile Shoes. When specified, steel piles shall be fitted with pile shoes. The
pile shoes shall be fastened to the piles using a 5/16 in. (8 mm) continuous
fillet weld along the flange contact areas.

387




Art. 512.06 Piling

512.06 Timber Piles. Full length piles shall be used and no planned splices
will be allowed. When unplanned splices are required to furnish lengths beyond
those specified in Article 512.16, they shall be of the butt joint type and the added
piece shall conform closely in diameter to the main pile at the point of splice. The pile
shall be sawed square and the butt joints shall bear evenly over the entire surface.
The splices shall be made by the use of at least four steel plates or a metal pipe
sleeve. The plates shall be at least 4 ft (1.2 m) long, 3 1/2in. (90 mm) wide and
3/8 in. (10 mm) thick and each plate shall be bolted to the pile with not less than two
3/4 in. (M20) bolts both above and below the joint. Pipe sleeves shall be standard
steel pipe, at least 3 ft (900 mm) long and shall be fastened with not less than three
5/8 in. (M16) lag screws, 5in. (125 mm) long, both above and below the joint. All
metal used for splicing piles shall be galvanized according to Article 1006.17.

Before the splice is assembled, if the joint is to be above low ground water line,
all sawed surfaces and holes in piles shall be treated according to Article 1007.13.

512.07 Welding. Welding shall be according to the applicable requirements
of Article 505.04(q), except for the following.

Welders shall be qualified according to either AWS D1.1 or D1.5 Code, except
the macroetch specimen requirement of the “Qualification Test for Fillet Welds Only
(Option 1)” will be waived. Welding procedures are considered prequalified if
consumables in Table 4.1 of the D1.5 BWC and low hydrogen practices of Section 4
in the BWC are employed. Submittal of weld procedure specifications (WPSs) for the
Engineer’s approval is not required, but the welder must have written WPSs for the
procedures employed, showing consumables, variables (amps, volts, etc.), joint
configuration, surface preparation, and preheat. Submerged arc welding (SAW) is
not mandatory for CJP welds in flanges and/or webs of steel piles. Non-destructive
testing of pile splices by the Contractor will not be required unless visual inspection
by the Engineer indicates significant anomalies.

512.08 Storage and Handling of Piles. The method of storing and handling
piles shall protect them from damage.

(a) Treated Timber Piles. Treated timber piles shall be stored at the site of the
work according to Article 1007.13 and handled according to Articles 507.05
and 1007.13.

(b) Precast Concrete and Precast, Prestressed Concrete Piles. Precast
concrete piles shall be lifted by suitable devices attached to the pile at not
less than two points for piles up to 45 ft (14 m) long, and not less than three
points for piles over 45 ft (14 m) long. Precast, prestressed concrete piles
shall be lifted by suitable devices and supported during storage or
transportation at not less than two points for piles up to 65 ft (20 m) long and
not less than three points for piles over 65 ft (20 m) long. The locations of
the points of support shall be as shown on the precast shop plans.

The piles shall be lifted by a bridle attached to the pile or special embedded
or attached lifting devices. Unless special lifting devices are attached for
lifting, the pickup points shall be plainly marked on all piles before removal
from the casting bed and all lifting shall be done at these points. The
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method of handling precast concrete piles shall not induce stresses in the
reinforcement in excess of 12,000 psi (83,000 kPa), using a factor of safety
of two to account for impact and shock. The method of handling precast
prestressed concrete piles shall not induce tensile stresses in the concrete
in excess of 210 psi (1400 kPa), using a factor of safety of two to account for
impact and shock.

Steel Piles. The handling and storing of steel piles shall be according to
Article 505.08(c).

Metal Shell Piles. Metal shell piles shall be stored off the ground with
sufficient cribbing to prevent bending or distortion of the pile and to prevent
dirt, water, or other foreign material from entering the metal shell.

512.09 Preparation for Driving. Piles shall not be driven until after the
excavation or embankment near piles for the footings, abutments, piers, or channel
construction is completed. Any material forced up between the piles shall be
removed to the correct elevation before concrete in the foundation is placed.

(a)

(b)

Pointing Timber Piles. When shown on the plans, the piles shall be shod
with metal shoes of a design satisfactory to the Engineer. The points of the
piles shall be shaped to secure an even and uniform bearing on the shoes.

Precast and Precast, Prestressed Concrete Piles. All piles shall be
saturated with water, for the entire length of the pile, at least six hours prior
to driving.

Precoring Through Embankment or Dense Soils. When shown on the plans,
holes as detailed shall be precored for piles which are to be driven through
new embankment or dense soils. If oversize holes are drilled, the void
space outside of the pile shall be filled with dry, loose sand.

512.10 Driving Equipment. The equipment for driving piles shall be
adequate for driving piles at least 10 ft (3 m) longer than the longest estimated pile
length specified in the contract plans without splicing, unless the estimated pile length
exceeds 55 ft (17 m) or prevented by vertical clearance restrictions. The use of
shorter length equipment or the use of preplanned splices (necessitated by estimated
pile lengths exceeding 55 ft (17 m) or vertical clearance restrictions) shall meet the
approval of the Engineer. The equipment for driving piles shall be according to the
following.

(a)

Hammers. Piles shall be driven with an impact hammer such as drop,
steam/air, hydraulic, or diesel. The driving system selected by the
Contractor shall not result in damage to the pile. The impact hammer shall
be capable of being operated at an energy which will maintain a pile
penetration rate between 1 and 10 blows per 1 in. (25 mm) when the
nominal driven bearing of the pile approaches the nominal required bearing.

For hammer selection purposes, the minimum and maximum hammer

energy necessary to achieve these penetrations may be estimated as
follows.
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390

E > S290RN ¢ ish)
Feff

£ < S580RN o ish)
Feft

E > M (metric)
Fef

E < 2000RN o otric)
Feft

Where:

Rn = Nominal required bearing in kips (kN)
E = Energy developed by the hammer per blow in ft Ib (J)
Fet = Hammer efficiency factor according to Article 512.14

When steel piles are driven to hard rock, the penetration resistance and
hammer energy may both abruptly increase, making it difficult to calculate
the penetration rate and increase concern for pile tip damage. Under these
conditions, the Contractor shall reduce hammer energy and/or calculate the
penetration rate over a reduced penetration increment (less than 1in.
(25 mm)) to assure that the pile has obtained the nominal required bearing
and has not sustained damage.

Air/Steam hammers may be single or double acting but must have a total
weight of striking parts of not less than one-third of the weight (mass) of the
pile and drive cap and in no case shall the striking part have a weight (mass)
less than 1.4 tons (1.3 metrictons). The equipment supplied with the
hammer shall maintain the pressure at the hammer that is specified by the
manufacturer. The Contractor shall provide the Engineer with the hammer
specifications so that the energy developed by the hammer with each blow
may be determined.

Diesel hammers may be open-ended or closed-ended. Open-end single
acting diesel hammers shall be equipped with either a device to measure
ram impact velocity or speed of operation (with the necessary correlation
charts) unless the stroke height can be directly observed to determine the
energy developed by the hammer with each blow. Closed-end double acting
diesel hammers shall be equipped with a bounce chamber pressure gauge
that is easily readable and the Contractor shall provide a correlation chart
and hammer data to determine the energy developed by the hammer with
each blow.

Drop hammers shall not be used for driving precast piles or piles with a
nominal required bearing exceeding 60 tons (533 kN). The hammer data
shall be provided to the Engineer and the minimum ram weight (mass) of the
hammer ram is 1 ton (0.9 metric tons). The fall of the ram shall be regulated



(b)

(e)
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so as to avoid injury to the piles, but shall in no case exceed 15 ft (4.6 m). In
no case shall the ram weight (mass) be less than the combined weight
(mass) of the pile and drive cap.

Hydraulic hammers shall be equipped with an energy readout device and
the Contractor shall furnish wave equation analysis to aid in the
determination of the adequacy of the hammer and indicate the nominal
driven bearing of the pile. The formula provided in Article 512.14 may not be
used for these calculations.

Vibratory hammers may only be used to install piles when approved by the
Engineer. Piles installed with vibratory hammers shall be further driven with
an impact hammer until the nominal driven bearing is verified to be equal to
or greater than the nominal required bearing.

Drive Heads. The heads of all piles shall be protected by a pile drive head
also referred to as a helmet or cap during driving. The drive head shall
consist of a cast or structural steel helmet capable of holding the axis of the
pile in line with the axis of the hammer.

The heads of metal shell piles shall be protected by a combination driving
head and pilot capable of distributing the hammer blow uniformly across the
metal shell cross section and maintaining the alignment of the pile.

Hammer and Pile Cushions. The heads of timber, precast concrete, and
precast, prestressed concrete piles shall be protected by a pile cushion
between the pile and driving head during driving to prevent damage to the
pile. The minimum pile cushion thickness prior to driving shall be 3 in.
(75 mm). A new cushion shall be provided if, during driving, the cushion is
either compressed to less than 60 percent of the original thickness or it
begins to burn. Hammers which require a hammer cushion shall be
inspected prior to driving and after each 50 hours of operation thereafter.
The hammer cushion shall be replaced when there is a reduction in
thickness exceeding 25 percent; or for air/steam hammers, when the
reduction in thickness exceeds the manufacturer’s limitations.

Leads. Pile leads shall be used to maintain the alignment of the pile and
hammer to assure concentric impact for each blow. Swinging leads shall be
set or toed in the ground prior to the start of driving. The design of the leads
shall accommodate the length of pile segments, the hammer, and other
required equipment, and shall be capable of maintaining the alignment of the
pile during driving within the tolerances specified.

Followers. The driving of piles with followers shall be done only with the
written permission of the Engineer. Followers shall be fabricated to bear
evenly and concentrically on the pile as well as maintain proper alignment
with the pile to efficiently deliver the energy from the hammer to the pile.
The first pile in every group of ten shall be driven without a follower, by using
a longer pile if necessary, and shall be used, to determine the average
nominal driven bearing of the other piles in the group.
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(f) Jets. Water and air jets may be used when approved by the Engineer. The
jets shall have the capacity to erode the material adjacent to the pile without
causing damage to the site or affecting vertical or lateral capacity of adjacent
piles. After the use of jets has been discontinued within the substructure
area, the piles shall be further driven with an impact hammer until the
nominal driven bearing is verified to be equal to or greater than the nominal
required bearing.

512.11 Penetration of Piles. Piles shall be installed to a penetration that
satisfies all of the following.

(a) The nominal driven bearing, as determined by the formula in Article 512.14,
is not less than the nominal required bearing shown on the plans.

(b) The pile tip elevation is at or below the minimum tip elevation shown on the
plans. In cases where no minimum tip elevation is provided, the piles shall
be driven to a penetration of at least 10 ft (3 m) below the bottom of footing
or below undisturbed earth, whichever is greater.

Except as required to satisfy the minimum tip elevations required in 512.11(b)
above, piles are not required to be driven more than one additional foot (300 mm)
after the nominal driven bearing equals or exceeds the nominal required bearing;
more than three additional inches (75 mm) after the nominal driven bearing exceeds
110 percent of the nominal required bearing; or more than one additional inch
(25 mm) after the nominal driven bearing exceeds 150 percent of the nominal
required bearing. When piles fail to achieve nominal driven bearings in excess of the
nominal required bearing after driving the full furnished lengths, but are within 85
percent of nominal required bearing, these piles shall be left for a minimum of 24
hours to allow for soil setup and retesting before splicing and driving additional length.
After the waiting period has passed, the pile shall be redriven to check the gain in
nominal driven bearing upon soil setup. The soil setup nominal driven bearing shall
be based on the number of redriving blows necessary to drive the pile an additional
3in. (75 mm) using a hammer that has been warmed up by applying at least 20
blows to another pile. These piles will be accepted if they exhibit a nominal driven
bearing larger than nominal required bearing.

512.12 Tolerances in Driving. Piles shall be driven with a variation from the
vertical or required batter alignment of not more than 1/4 in./ft (20 mm/m). Piles shall
be driven to an accuracy where no portion of the visible pile is out of plan position by
more than 6in. (150 mm) in any direction, provided that no design modification is
required to accommodate the pile location, and where forcing them into tolerance
after driving would not result in injury to the piles.

512.13 Cutoffs. After driving piles, they shall be cut off perpendicular to their
longitudinal axis at the elevations shown on the plans. The remaining portion of the
piles shall be free of damage or bruising. All debris shall be removed and disposed of
from around the piles.

The heads of all treated timber piles, when not encased in concrete, shall be field
treated after cutoff according to Article 1007.13. Each pile head shall then be
covered with a sheet of galvanized steel, not lighter than 24 gauge (0.701 mm) and of
sufficient area to project at least 4 in. (100 mm) outside the pile at any point, which
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shall be bent down over the pile to fit neatly and exclude water in the best possible
manner. The edges shall be trimmed neatly and fastened to the pile face with large
headed galvanized roofing nails.

The cutoff portions of all piles, including test piles, shall be retained and made
available for use in splicing or extending piles, if required, until the pile driving is
complete. Upon completion of the work, the cutoffs shall become the property of the
Contractor and shall be disposed of.

512.14 Determination of Nominal Driven Bearing. The nominal driven
bearing of each pile will be determined by the WSDOT formula as follows.

_ 6.6 Feif EIn (10Nb)

Rnpe = English
NDB 1000 (English)
21.7 Feff E In (10Nb)
Rnps = metric
NDB 1000 ( )
Where:
Rnpe = Nominal driven bearing of the pile in kips (kN)
Nb = Number of hammer blows per inch (25 mm) of pile penetration
E = Energy developed by the hammer per blow in ft Ib (J)
Fet = Hammer efficiency factor taken as:

0.55 for air/steam hammers

0.47 for open-ended diesel hammers and steel piles or metal shell
piles

0.37 for open-ended diesel hammers and concrete or timber piles

0.35 for closed-ended diesel hammers

0.28 for drop hammers

For piles driven on a batter, the value of "E” will be multiplied by the hammer

energy reduction coefficient, “U” will be determined as follows.

0.25 (4-m) for drop hammers

~0.1(10-m) for all other hammers

Where:
] = Hammer energy reduction coefficient, less than unity
m = Tangent of the angle of batter (i.e. m = .25 = 3/12 for 3H:12V batter)
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The Engineer will determine the value of "E". For drop, single acting air/steam
hammers, and open type diesel hammers, the kinetic energy will be used by
measuring ram velocity. When measuring ram velocity is not possible, it may be
approximated by the potential energy calculated by multiplying the weight (mass) of
hammer striking parts by the observed fall or stroke height. For double acting
air/steam hammers and closed type diesel hammers, the energy will be calculated by
using ram weight (mass) and bounce chamber pressure. The Contractor shall submit
hammer literature and correlation charts to aid in determining hammer energy of each
blow. In either case, the calculated value of “E” will be further reduced by the
hammer energy reduction coefficient “U” prior to being used in the formula to
calculate “Rnpg” or “Np”.

The preceding formula for piles driven with a drop hammer is applicable only
when: the hammer has an unrestricted free fall; the pile head is not broomed,
crushed or splintered; there is no appreciable bounce of the hammer after striking the
pile; and the penetration is at a uniform or uniformly decreasing rate.

When specified in the contract or when a hydraulic hammer is used, the nominal
driven bearing of the piles will be determined by the results of a wave equation
analysis. The analysis will take into account the hammer driving system, site specific
subsurface data, and project pile geometry to develop driving criteria which will not
overstress the pile and correctly indicate its nominal driven bearing.

When specified in the contract, a static pile load test shall be performed on the
specified piles of a group to determine their nominal driven bearing. The pile load
test shall be performed according to ASTM D 1143. Shop drawings for the design of
the load test frame shall be submitted to the Engineer.

512.15 Test Piles. Test piles shall be of the same material and size, satisfy
all splicing requirements, and contain any pile shoes as specified for the production
piles. Test piles shall be driven with the same equipment as will be used for driving
the production piles. The furnished length for test piles shall be at least 10 ft (3 m)
longer than the estimated length shown on the plans.

Before driving test piles, the excavation or embankment near piles shall be within
2 ft (600 mm) of the proposed grade of the footing, pier, abutment, or channel.

Test piles shall be driven to a nominal driven bearing ten percent greater than
the nominal required bearing shown on the plans. The Engineer may stop the driving
of any test pile at tip penetrations exceeding 10 ft (3 m) beyond the estimated length
to check for pile setup according to Article 512.11. After any retesting, the Contractor
shall recommence test pile driving, providing piling, splices, and any retests until the
nominal driven bearing during driving reaches ten percent more than the nominal
required bearing or the Engineer stops the driving due to having sufficient data to
provide the itemized list of furnished lengths.

Test piles driven in production pile locations that are incorporated into the
structure shall be cut off as permanent piles. Test piles not driven in a production
location shall be cut off or pulled, as directed by the Engineer.

512.16 Length of Piles. The Contractor shall furnish pile lengths according to
a written itemized list provided by the Engineer. Should the Contractor elect to
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preorder piles prior to being provided with the itemized list, it shall be done at his/her
own risk. The itemized list of furnished lengths will be based on the Engineer's
evaluation of the test pile results, the soil boring data, and the estimated pile lengths
on the plans. If the plans do not require a test pile, the itemized list of furnished
lengths shall be as estimated on the plans. The length of test piles shall be according
to Article 512.15.

512.17 Method of Measurement. Furnishing piles will be measured for
payment in feet (meters). Measurement will include the total length of piles delivered
to the site of the work, according to the itemized list furnished by the Engineer, and
any additional lengths delivered for splicing as ordered by the Engineer.
Measurements will be made to the nearest 0.1 ft (0.03 m).

Driving piles will be measured for payment in feet (meters). Measurement will
include the total length of piles subtracting cutoffs. For precast concrete and precast,
prestressed concrete piles, this length will not include extensions or the portion of the
pile cutoff to make the extension. Measurements will be made to the nearest 0.1 ft
(0.03 m).

512.18 Basis of Payment. This work will be paid for as follows.

(a) Furnishing Piles. This work will be paid for at the contract unit price per foot
(meter) for FURNISHING UNTREATED PILES and FURNISHING
TREATED PILES, of the length specified; or FURNISHING PRECAST
CONCRETE PILES, FURNISHING PRECAST PRESTRESSED
CONCRETE PILES, FURNISHING METAL SHELL PILES, and
FURNISHING STEEL PILES, of the size specified.

(b) Driving Piles. This work will be paid for at the contract unit price per foot
(meter) for DRIVING PILES.

(c) Extensions. Extensions for precast concrete and precast, prestressed
concrete piles will be paid for according to Article 109.04.

(d) Unplanned Splices. Unplanned splices for metal shell, steel, and timber
piles will be paid for according to Article 109.04.

(e) Test Piles. Furnishing and driving test piles will be paid for at the contract
unit price per each for TEST PILE, of the type specified. Driving test piles
beyond the furnished test pile length will be paid for according to
Article 109.04.

(f) Static Pile Load Tests. This work will be paid for at the contract unit price
per each for PILE LOAD TEST.

(g) Pile Shoes. The furnishing and installing of pile shoes, including those for
test piles driven in production locations, will be paid for at the contract unit
price per each for PILE SHOES.

(h) Splices. When the lengths specified in Article 512.16 exceed the estimated
lengths specified in the contract plans by at least 10 ft (3 m), additional field
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Art. 512.18 Piling

splices (for metal shell and steel piles) required to provide the lengths
specified in Article 512.16 will be paid for according to Article 109.04.

(i) Redriving of Piles. The redriving of piles to check for a gain in nominal
driven bearing as specified in Article 512.11 will be paid for according to
Article 109.04.

SECTION 513. TEMPORARY BRIDGES

513.01 Description. This work shall consist of the construction of temporary
bridges, their maintenance in a safe condition for traffic, and their removal and
disposal.

513.02 Design. If complete plans are not furnished by the Department, the
details of design, materials to be used, sizes, spacing, and arrangement of members
shall be determined by the Contractor. The highway loading, roadway width and
overall length or waterway opening shall be as specified on the plans. The temporary
bridge shall be designed according to the AASHTO Standard Specifications for
Highway Bridges. Temporary bridge plans furnished by the Contractor shall be
sealed by an lllinois licensed Structural Engineer.

513.03 Materials. All materials shall be according to Division 1000, except as
modified herein. Used materials, except for anchor bolts, reinforcement bars,
hardware for timber construction, and high strength bolts may be incorporated into
the construction of temporary bridges provided those materials are in sound condition
and suitable for the purpose intended. All materials shall meet the approval of the
Engineer as to quality and suitability for the use intended.

The outer bark shall be removed from piles in temporary bridges at points where
bracing or backing is attached; otherwise, the requirements of Article 1007.08(c)
concerning the removal of bark shall not apply. Galvanizing of high strength bolts,
anchor bolts, and hardware for timber construction will not be required. Epoxy
coating for reinforcement bars for cast-in-place construction will not be required.

CONSTRUCTION REQUIREMENTS

513.04 Excavation and Backfill. Excavation and backfill shall be according
to Section 502.

513.05 Piling and Timber. Except as modified herein, all work involving
timber piles shall be according to the applicable portions of Sections 507 and 512.
The requirements for treatment of piling, treatment of holes and pile tops, and metal
coverings for piles shall not apply.

Timber construction shall be according to the applicable portions of Section 507.
The requirements regarding the use of treated timber shall not apply. Timber shall be
either rough or surfaced. Countersinking will not be required, except in the vertical
roadway face of wheel guards and under longitudinal floor planks.

513.06 Other Construction. Cast-in-place concrete shall be according to
Section 503. New precast concrete members shall be according to the applicable
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Wave Equation Analysis of Piles
Effective: November 14, 2008

Description. This work shall consist of conducting Wave Equation Analysis of Piles (WEAP) at
each substructure or location specified on the contract plans, using the latest version of the
WEAP software program. The analyses assumptions and driving recommendation shall be
provided to the Engineer for review and approval, to establish the pile acceptance criteria and
ensure the proposed driving system will not overstress the piles.

Submittals. No later than twenty five (25) days prior to driving the test or production piles at the
specified location(s), the Contractor shall submit the wave equation analysis results and driving
recommendations to the Engineer for review and approval.

The wave equation analysis shall be sealed by a Professional Engineer licensed in the state of
lllinois having experience in the use of the WEAP program and selection of the geotechnical
and hammer input parameters.

As a minimum, the Contractor shall submit the following analysis assumptions:

The pile type and size analyzed at each location.

The Nominal Required Bearing specified at each location.

The test pile bearing when test pile(s) are specified.

The batter angle(s) of any piles specified to be driven in a non-vertical alignment.

The proposed or anticipated total pile length and length above ground at end of driving.
Ground surface elevation during driving.

The assumed subsurface soil profile layer depths and thicknesses, location of water
table, soil type and strength parameters.

Borings numbers used to develop the design soil profile.

Explanation of why any input values were selected that differ from the default values
recommend by the program.

10. A completed “Hammer Data Form” documenting the proposed hammer, helmet and
cushion information (see attached) or see http://www.dot.il.gov/bridges/bridgforms.html

NoOOhRWN =
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The recommendations to be included in the submittal are to include:

1. An assessment of the proposed hammer driving system(s) ability of drive the test,
production and batter piles to their required bearings at a penetration rate between 2 and
10 blows per inch.

2. The expected stress levels in the piles at the maximum expected hammer energy and
any recommended limitations on hammer energy or fuel settings to ensure the pile
stresses do not exceed 90% of the pile yield stress.

3. A pile inspector’s charts showing hammer stroke (ft) or Energy versus pile penetration
rate (blows/inch) at the nominal required bearing, batter pile bearing and test pile
bearing for each substructure specified.

A new analysis is required if the contractor makes driving system changes from what is
proposed in the approved analysis.

Basis of Payment. This work will not be measured for payment and shall be included in the
cost for the various pay items associated with pile foundation construction.



llinois Department
of Transportation Pile Driving Equipment Data

Structure Number: -
Pile Driving Contractor:

Abutment /Pier Number(s): Route:
Pile Type & Size(s): Section:
Nominal Required: County:
Production Pile Length(s): Closest Boring(s): Contract:
Hammer Manufacturer: Model No:

Type (diesel, air/steam hydraulic, etc.): Ram Stroke Type (fixed of Variable):
Maximum Operating Energy: Minimum Operating Energy:

Maximum Recommended Stroke:

Minimum Measurable Stroke:

Ram Weight:

Ram

Anvil Weight:

Modifications to Hammer (if any):

N Striker Plate
Diameter:
Thickness:
Weight:
Hammer
Cushion Hammer Cushion Material 1 Hammer Cushion Material 2 (if composite)
= Material Type: Material Type:
— Diameter: Diameter:
Pile Cushion Thickness per Plate: Thickness per Plate:
No. of Plates: No. of Plates:

Total Hammer Cushion Thickness:

Pil
" Helmet (Drive Head, Pile Cap) Weight (including bonnet insert if any):
/\/ Pile Cushion (precast concrete piles only)
Material:
Thickness Per Sheet:
Area:

No. of Sheets:

Thickness Total:

Double Acting/Differential Acting Air or Steam
Hammers Net Weight:

Cylinder Net Weight:

Piston Area:

Attach Bounce Chamber Pressure vs. Equivalent Energy Graphs (Closed-End Diesel Hammers Only):

Hammer Data Completed by: Contact Phone Number:

Date Completed:

Printed 11/13/2008 BBS 136 (10/30/08)



APPENDIX D

Construction Manual
Section 512



This Page intentionally Blank



May 2007 STRUCTURES

SECTION 500. STRUCTURES
SECTION 512. PILING

Prior to the start of pile driving operations the Resident and/or the pile inspector must review the
plans and Standard Specifications as well as the Construction Inspector's Checklist for Piling. If
anything appears unclear or contradictory between the plans and Standard Specifications the
Supervising Engineer should be notified and the matter resolved prior to the Contractor starting
work.

512.07 Welding

It is not the intent of the specification for the inspector to qualify a welder for the purpose of
spolicing piles. All welders shall produce Evidence of Prequalification to perform the intended
welding. The evidence should be appropriate for both the type of process (e.g. fillet) and weld
position (e.g. horizontal, vertical or overhead) to be performed.

512.08 Storage and Handling of Piles

A. Precast and Precast Prestressed Concrete Piles. The Specifications stress the importance
of handling concrete piles with care. It is very easy to cause cracks by indifferent handling,
and cracks which not only may open up under driving, but which may even spall and
"powder" to such an extent as to seriously lessen the strength or life of the pile. Shock,
vibration, or excessive deflection must be avoided. When piles are picked up with
adjustable slings, blocking should be used to prevent breaking off corners of the pile. The
pick-up points should be plainly marked on all piles before removal from the casting bed
and all lifting shall be done at these points. All piles must be wetted at least 6 hours before
being driven and shall be kept moist until driven.

B. Steel Piles. In loading steel piles at the fabricator's plant, the individual piles must be
placed with webs vertical and so blocked that the flanges will not be bent, nor permanent
bends caused in the piles by lack of support. The Department’s Inspector at the fabricator's
plant checks the loading into freight cars, but the inspector at the jobsite must check the
piling for damage upon arrival.

C. Material Inspection. If piles arrive on the jobsite without evidence of inspection, the
Resident should contact the District Materials Office immediately. No piles shall be used
unless there is evidence of inspection or approval from the District Materials Engineer.

In addition to with the materials inspection you must have evidence that all iron and steel
products have been wholely manufactured in the United States. Both Federal and State
laws require the use of domestically produced steel products in all our projects. Severe

consequences included loss of federal participation can result from failure to document
source of iron and steel products incorporated into our projects.

Identification of approved piles can be made as follows:
Precast Concrete Piles: Certified Producer List
Precast, Precast Prestressed Concrete Piles: ILL OK Stamp

Timber Piles: Hammer Mark and Tag from Approved Testing Agency or Certification
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Steel H-Pile, Metal Shell Piles: ILL-OK Stamp, manufacturer's certification or LA15. If steel
piles come from the Contractor's yard, the Contractor must be able to provide
manufacturer's certification and heat numbers even if stamped ILL OK.

The heat numbers will be printed on the piles and must agree with the heat numbers shown
on the certification. Otherwise, the piles must not be used. Maintain a record of the heat
numbers of the piles as they are installed. A separate column in the field pile driving record
book can be used for this purpose. (See Example B)

512.09 Preparation for Driving

Prior to driving the production piles, the excavation or embankment in the immediate area of the
piling must be complete. Although the area only had to be within two feet prior to driving the
test pile, the remainder of the preparation must be completed before starting the remaining
piles. The plans should be checked again to ensure any precoring is correctly performed to the
depths indicated, and become aware of minimum elevations for the pile tips shown on the
plans.

The Contractor shall provide the Resident with the make and model of the hammer. The
hammer should be checked for compliance with the energy requirements for the Nominal
Required Bearing of the pile being driven as required in Section 512.10 (See Example A)

This is also an ideal time to set up the field pile driving record book or other means of recording
the pile driving data which will be forwarded to the Bureau of Bridges and Structures at the end
of the job (See Example B) and compute the required blow per inch (25mm) for the hammer
which will be used to obtain 110% of plan bearing on the test pile and plan bearing on the
vertical as well as battered pile (See Examples C, D ,& E).

The typical procedure which should be followed to check for hammer compliance and set up
charts for Nominal Driven Bearing for use in the field is:

1. The contractor provides hammer specification sheets for the hammer they have
chosen.

2. The Resident computes the minimum and maximum energies to drive the piles at
penetration rates of between 2 and 10 blows per inch.

3. Verify the hammer selected by the contractor can operate between those rates.

4. Develop a chart showing the relationship between various hammer energies and
penetration rate.

5. Drive the piles to the point where the rate of penetration at the energy developed by
the hammer equals or exceeds the Nominal required bearing shown on the plans.

6. Record the rate of penetration, energy developed by the hammer at bearing and the
Nominal Driven Bearing (Rnpg) on your record for that pile.

512.10 Driving Piles

Selection of Hammer. The hammer must meet the energy requirements of the Standard
Specifications. Regardless of the type of hammer (except hydraulic) or type of pile, the energy
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requirement remains the same. The hammer must develop enough energy to drive the pile to a
Nominal Driven Bearing (Rnps) equal to or greater than the Nominal Required Bearing (Ry)
shown on the plans at a penetration rate of between two and ten blows per inch (blows per
25mm).

Once the hammer is delivered and is being used, the Resident should check to make sure the
required energy is actually being developed as the pile approaches bearing. The delivered
energy of the hammer, regardless of the type selected is critical in determingin the pile has
achieved a Nominal Driven Bearing at least as great as the Nominal Required Bearing.
Consequently either the hammer fall or correctly correlated gages must be properly functioning
and monitored during the pile driving operation.

Loss Due to Impact. The successful driving of a pile is dependent upon the weight of the ram
with respect to the weight of the pile and the velocity of the ram at the moment of impact with
the pile. The driving energy of pile hammers is expressed in foot-pounds (joules) of energy per
blow. The blow should be struck by a ram possessing not only sufficient energy to overcome
the inertia of the pile and the frictional and elastic resistance encountered, but also sufficient
weight to reduce to a minimum the portion of this energy which is unavoidably dissipated during
impact.

A considerable amount of the energy of the blow is lost during the impaction period. The
percentage of loss depends primarily upon the ratio of the mass (weight) of the pile to the mass
(weight) of the striking parts. To a lesser degree, the pile material is involved. Assuming the
pile material to be inelastic (which is not strictly true), this loss of energy is about 50 percent
when the ratio of the pile mass (weight) to ram mass (weight) is unity. As this ratio increases,
the loss becomes greater. The magnitude of this loss becomes so serious as the ratio
increases that it is very important to keep the ratio as low as possible. Some manufacturers do
not recommend the use of a hammer having a ram weighing less than one-fourth the mass
(weight) of the pile.

In addition to the energy requirements of the hammer, some situations require additional
considerations in selecting the hammer.

Gravity (Drop) Hammer. If a gravity hammer cannot be considered for driving precast piles or
piles with a Nominal Required Bearing (Rn) greater than 120 kips (533kN). In selecting a
gravity hammer, the ram weight (mass) must be equal to or exceed the combined weight
(mass) of the Pile being driven and the drive head. A gravity hammer uses a falling weight.
Gravity hammers are guided in their fall by riding in a set of leads. Powered by a hoisting
engine having a friction clutch, the drop hammer is raised by an attached hoist line to the
desired height. The engine is declutched, allowing the drop hammer to free-fall as the hoist line
plays out.

The short time-duration forces exerted directly upon the head of a pile by a gravity hammer
would surely destroy it. The pile head is thus always protected with a pile cap which the drop
hammer strikes. The pile cap rests directly upon the pile head and descends with the pile upon
each blow. When the pile has been driven, the cap is attached to the hammer and lifted with
the hammer to set upon the next pile.

Remember, no drop is to exceed 15 feet (4.6 m), especially with the heavier hammers, as this
may injure the pile. A greater penetration per blow with less injury to the pile head will usually
be produced with a heavy hammer and a low fall than with a light hammer and a high fall. In
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either case, the theoretical amount of energy expended may be the same. With a low fall, more
blows can be struck in the same time, and there is less chance for the soil to compact around
the pile between the blows. Where hard driving in encountered, it may be necessary to reduce
the length of the stroke in order to avoid injury to the pile.

Air/Steam Hammers. Consideration must be given to the weight of the pile in determining
hammer size for this type hammer. The striking parts of the hammer must be at least one-third
of the weight (mass) of the pile and drive cap combined, and in no case less than 1.4 tons (1.3
metric tons).

Steel H-Piles Driven to Hard Rock. When steel H-piles are driven to hard rock care must be
taken to avoid damaging the tip of the pile. If it is observed that the penetration resistance and
hammer energy has abruptly increased, the contractor should reduce the energy developed by
the hammer and the Resident may calculate the penetration increment over a reduced
increment (Less than 1 inch (25mm)) when determining the nominal driven bearing to assure
the pile obtains the nominal required bearing without sustaining damage.

Caps and Collars. It is advisable to provide extra pile cushions and shock blocks so that they
may be quickly replaced when damaged.

Leads. Ordinarily, the Contractor will use swing leads for driving piles. This is permitted by the
Standard Specifications, provided enough guy ropes are used to hold the leads steadily in place
and the toe of the leads is set securely in the ground.. It is necessary that the leads be tied
rigidly enough to guide and hold the pile in correct position. This is especially important in
difficult driving.

Followers. Rarely is it necessary to use a follower in driving piles. If the Contractor wants to
use a follower, you should consult your Supervisor before giving permission. One pile in each
group of 10 must be driven without a follower and theNominal Driven Bearing of all the piles in
the group determined from that one pile. The piles driven with the follower should be driven to
the penetration found to be required for the pile on which the Nominal Driven Bearing was
determined without the follower.

A follower, as the word is used in this Article, is a length of pile, timber, or other special material
placed on top of the pile to be driven so that the driving can be done from a higher elevation.

Jets. An experienced operator should be able to secure satisfactory alignment of the pile by the
use of only one jet. If this cannot be done, two jets may be necessary.

The pump serving the jet should have plenty of capacity at a moderate pressure. The volume
and pressure must be sufficient to erode freely the material adjacent to the pile. Volume of
water is more important than pressure except for penetration of gravel where both volume and
pressure are necessary. For jetted piles, the formula for capacity will be applied after the jet is
removed and driving is resumed.

512.11 Penetration of Piles

Records of Penetration. An accurate and complete record should be kept of the penetration
and bearing data for all piles driven. This record must include a diagram of the location of piles
in each foundation and a tabulation of the initial length, cut-off, length left in place of each pile
and heat number of each steel pile. The final pile penetration rate (N,) in blow per inch
(25mm), blows per minute, make and model of hammer used, Energy developed by the
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hammer and nominal driven bearing must be recorded along with the Inspector’s initials. (See
Example B) Remember, unless shown on the plans foundation piles shall be driven to a
penetration of at least 10 feet (3 m) below bottom of footing and other piles to a penetration of
at least 10 feet (3 m) below undisturbed earth.

Complete and send your Test and production Piling diagrams and data to the District Office
when pile driving is completed. They will be filed as a part of the permanent records on the job
and kept with bureau of Bridges and Structures records along with other data for the structure.

It is recommended that you calculate the number of blows per inch (25mm) for several hammer
energy levels near the Nominal Required Bearing (Ry) in advance of the pile driving operation.
You will then know the Nominal Driven Bearing (Rnpg) as driving progresses and you may
quickly determine when the pile has reached its required bearing.

By keeping complete records for driving test piles, the length of piles ordered, and the driving of
production piles, including pile diagrams, you will have all the information needed to determine
the payment due the Contractor for furnishing and driving piles.

Excess Penetration. When the pile has attained the required penetration and nominal driven
bearing, the Contractor is not required to continue driving unless called for in the plans or
Special Provisions.

512.14 Determination of Nominal Driven Bearing

A. Formulas. The Standard Specifications (512.14) provide the required formula for
determining Nominal Driven Bearing (Rnpg). See the typical bearing computations for
vertical and battered pile in attached examples.

B. Wave Equation. A Wave equation analysis is required to determine the nominal driven
bearing of more heavily loaded piles. When this analysis is required, the Bureau of
Bridges and Structures must be contacted to perform the analysis.

C. LoadTests. Load tests are the most accurate method of determining the ultimate axial
resistance or nominal driven bearing of piles. This test is used when the structure is
complex or when a large number of foundation piles are required. If a load test is required,
discuss the matter thoroughly with your supervisor. The procedure will be governed by the
contract requirements.

512.15 Test Piles

The location of the test pile will be specified in the plans to be driven in a production location of a
designated substructure unit. However, the Engineer may have to select which individual pile
location shall be used as the test pile within the designated substructure unit. The test pile
location should be as far away from the nearest soil boring location as possible in order to obtain
more comprehensive subsoil data in the area of the structure.

If the Contractor elects to drive the test pile out of the footing area or in a non permanent
location, written permission of the Engineer is required and, the replacement of production pile in
the footing area will not be paid for. Where treated timber piles are specified, test piles not
driven in a production location or driven outside the footing area may be untreated piles with the
written permission of the Engineer..
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In driving a test pile, be sure to keep a complete record of the driving data all the way down and
report on Form BC 757, Test Pile Driving Record. In doing this, you may delay the driving
somewhat but a test pile is driven to help determine the itemized list of lengths to be furnished
by the contractor. This is also the final check to the accuracy of the subsurface information upon
which the estimated lengths of piling shown in the plans was based. You should notify your
supervisor before driving the test pile.

Pile Driving Information Submittals

Submit pile data with accompanying authorization after all piling have been driven on your
contract. The piling diagram should be neat, accurate and the piling numbers should correspond
to the pile data tabulation for each pier, abut, etc. Show locations of all test piles. One copy of
this information is required and prints will be made and returned for your files.

It is important that the summary of length sheet clearly indicate the total furnished quantity and
total driven quantity. These quantities should correspond to those in your Quantity Book.
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Hammer Energy Reduction Coefficients
for
BATTERED PILES

NOTE: If the hammer has internal ram velocity monitoring, no friction losses or stroke
reductions should be used. Because the measured impact velocity is used to control the
nominal energy delivered to the pile, losses are internally corrected by the hammer
operating system.

u = A coefficient less than unity

m = Tangent of the Angle of Batter Horizontal dimension / Vertical dimension

Driven with Drop Hammer Driven with All other Hammers
0.25(4-m) 0.1(10—m)
u= 210.5 u= 2\0.5
(1+m?)® (1+m*)~
Batter "u" "u"
V:H
12:1/2 0.989 0.995
12:1 0.976 0.988
12:1 V2 0.961 0.98
12:2 0.945 0.97
12:2 V2 0.928 0.959
12:3 0.91 0.946
12:3 12 0.89 0.932
12:4 0.87 0.917

Example: Determine the Energy Developed by the Hammer per blow on a pile with a
12:2 (V:H) batter if the Energy Developed for vertical bearing is 25,000 ft-lbs and an air
hammer is used:

25,000 Ft-lbs x 0.97 = 24,250 ft-lbs

The Energy Developed by the Hammer on a pile battered at 2 in 12 is 24,250 ft-lbs
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PILE HAMMER DATA (ENGLISH)
Stroke At
Rated Ram Rated
Blows Per Energy, Weight, Energy Ft.
Mfgr. Model Type Min. In. Lbs. Lbs.
Link-Belt 105 Dbl-Act 90-98 35.23 1,445 7,500
(Diesel) 180 Dbl-Act 90-95 37.60 1,725 8,100
* 312 Dbl-Act 100-105 30.89 3,857 15,000
440 Dbl-Act 86-90 38.40 4,000 18,200
520 Dbl-Act 80-84 43.17 5,070 26,300
Vulcan 18C Dbl-Act 150 10 1/2 1,800 3,600
(Steam-Air) 2 Sgl-Act 70 29 3,000 7,260
30C Dbl-Act 133 12 1/2 3,000 7,260
1 Sgl-Act 60 36 5,000 15,000
50C Dbl-Act 120 151/2 5,000 15,100
65C Dbl-Act 117 151/2 6,500 19,200
06 Sgl-Act 60 36 6,500 19,500
0 Sgl-Act 50 39 7,500 24,375
80C Dbl-Act 111 16 1/2 8,000 24,450
08 Sgl-Act 50 39 8,000 26,000
OR Sgl-Act 80 39 9,300 30,225
010 Sgl-Act 50 39 10,000 32,500
140C Dbl-Act 103 151/2 14,000 36,000
014 Sgl-Act 60 36 14,000 42,000
016 Sgl-Act 60 36 16,250 48,750
020 Sgl-Act 60 36 20,000 60,000
030 Sgl-Act 55 36 30,000 90,000
400C Diff 100 16 1/2 40,000 113,488
McKiernan- DE-10 Sgl-Act 48-52 Var.* 1,100 8,800
Terry DE-20 Sgl-Act 48-52 Var.* 2,000 16,000
(Diesel) DE-30 Sgl-Act 48-52 Var.* 2,800 22,400
DE-40 Sgl-Act 48-52 Var.* 4,000 32,000
DA-35 Sgl-Act 48-82 Var.* 2,800 22,400
DA-35 Dbl-Act 48-82 2,800 21,000
DA-55 Sgl-Act 48-82 Var.* 5,000 40,000
DA-55 Dbl-Act 48-82 5,000 38,000
DE-50 Sgl-Act 40-50 Var.* 5,000 40,000
DE-70 Sgl-Act 40-50 Var.* 7,000 56,000
McKiernan- 9-B-2 Dbl-Act 140 16 1,500 8,200
Terry 9-B-3 Dbl-Act 145 17 1,600 8,750
(Steam-Air) S-3 Sgl-Act 65 36 3,000 9,000
C-3 Dbl-Act 130-140 16 3,000 9,000
10-B-3 Dbl-Act 105 19 3,000 13,100
10-B-2 Dbl-Act 115 20 2,500 15,000
C-5 Dbl-Act 100-110 18 5,000 16,000
S-5 Sgl-Act 60 39 5,000 16,250
11-B-3 Dbl-Act 95 19 5,000 19,150
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McKiernan- 11-B-2 Dbl-Act 120 20 3,625 22,080
Terry C-826 Dbl-Act 85-95 18 8,000 24,000
(Steam-Air) S-8 Sgl-Act 55 39 8,000 26,000
C-8 Dbl-Act 77-85 20 8,000 26,000
S-10 Sgl-Act 55 39 10,000 32,500
S-14 Sgl-Act 60 32 14,000 37,500
Union 00 Dbl-Act 85 36 6,000 54,900
(Stream) 0A Dbl-Act 90 21 5,000 22,050
0 Dbl-Act 110 24 3,000 19,850
1 Dbl-Act 130 21 1,850 13,100
1A Dbl-Act 120 18 1,600 10,020
1 1/2A Dbl-Act 125 18 1,500 8,680
2 Dbl-Act 145 16 1,025 5,755
Delmag D-5 Sgl-Act 50-60 Var.* 1,100 9,050
(Diesel) D-12 Sgl-Act 50-60 Var.* 2,750 22,610
D-15 Sgl-Act 50-60 Var.” 3,300 27,000
D-22 Sgl-Act 50-60 Var.” 4,850 39,780
D-30 Sgl-Act 39-60 Var.” 6,600 54,200
D-36 Sgl-Act 37-53 Var.” 7,940 73,780
D-44 Sgl-Act 37-55 Var.” 9,460 87,000
D-55 Sgl-Act 36-47 Var.* 11,860 117,175
Conmaco 50 Sgl-Act 60 36 5,000 15,000
65 Sgl-Act 60 36 6,500 19,500
80 Sgl-Act 50 39 8,000 26,000
100 Sgl-Act 50 39 10,000 32,500
115 Sgl-Act 50 39 11,500 37,375
125 Sgl-Act 50 39 12,500 40,625
140 Sgl-Act 60 36 14,000 42,000
160 Sgl-Act 60 36 16,250 48,750
200 Sgl-Act 60 36 20,000 60,000
300 Sgl-Act 55 36 30,000 90,000
Kobe K-13 Sgl-Act 45-60 102 2,860 24,400
K-22 Sgl-Act 45-60 102 4,850 41,300
K-25 Sgl-Act 39-60 110 5,510 50,700
K-32 Sgl-Act 45-60 102 7,050 60,100
K-35 Sgl-Act 39-60 110 7,700 70,800
K-42 Sgl-Act 45-60 102 9,260 79,000
K-45 Sgl-Act 39-60 110 9,900 91,100
K-60 Sgl-Act 35-60 102 13,200 112,600

* Use actual length of stoke as observed in field. Rated energy is determined by stoke

which increases with driving resistance.

** Equivalent HW energy is obtained by plotting the observed bounce chamber pressure on

the corresponding chart provided in the gage box.



May 2007 STRUCTURES
PILE HAMMER DATA (METRIC)
Stroke At
Rated Ram
Blows Per Energy, Weight, Rated Energy
Mfgr. Model Type Min. mm kN J
Link-Belt 105 Dbl-Act 90-98 895 6.42 10,169
(Diesel) 180 Dbl-Act 90-95 955 7.67 10,982
> 312 Dbl-Act 100-105 785 17.16 20,337
440 Dbl-Act 86-90 975 17.79 24,676
520 Dbl-Act 80-84 1,097 22.55 35,658
Vulcan 18C Dbl-Act 150 267 8.00 4,881
(Steam-Air) 2 Sgl-Act 70 737 13.34 9,843
30C Dbl-Act 133 318 13.34 9,843
1 Sgl-Act 60 914 22.24 20,337
50C Dbl-Act 120 394 22.24 20,473
65C Dbl-Act 117 394 28.91 26,032
06 Sgl-Act 60 914 28.91 26,438
0 Sgl-Act 50 991 33.36 33,048
80C Dbl-Act 111 419 35.58 33,150
08 Sgl-Act 50 991 35.58 35,251
OR Sgl-Act 80 991 41.36 40,980
010 Sgl-Act 50 991 44.48 44,064
140C Dbl-Act 103 394 62.26 48,810
014 Sgl-Act 60 914 62.26 56,944
016 Sgl-Act 60 914 72.27 66,096
020 Sgl-Act 60 914 88.95 81,349
030 Sgl-Act 55 914 133.43 122,024
400C Diff 100 419 177.90 153.869
McKiernan- DE-10 Sgl-Act 48-52 Var.* 4.89 11,931
Terry DE-20 Sgl-Act 48-52 Var.* 8.89 21,693
(Diesel) DE-30 Sgl-Act 48-52 Var.* 12.45 30,370
DE-40 Sgl-Act 48-52 Var.* 17.79 43,386
DA-35 Sgl-Act 48-82 Var.* 12.45 30,370
DA-35 Dbl-Act 48-82 Var.* 12.45 28,472
DA-55 Sgl-Act 48-82 Var.* 22.24 54,233
DA-55 Dbl-Act 48-82 Var.* 22.24 51,521
DE-50 Sgl-Act 40-50 Var.* 22.24 54,233
DE-70 Sgl-Act 40-50 Var.* 31.13 75,926
McKiernan- 9-B-2 Dbl-Act 140 406 6.67 11,118
Terry 9-B-3 Dbl-Act 145 432 712 11,863
(Steam-Air) S-3 Sgl-Act 65 914 13.34 12,202
C-3 Dbl-Act 130-140 406 13.34 12,202
10-B-3 Dbl-Act 105 483 13.34 17,761
10-B-2 Dbl-Act 115 508 11.12 20,337
C-5 Dbl-Act 100-110 457 22.24 21,693
S-5 Sgl-Act 60 991 22.24 22,032
11-B-3 Dbl-Act 95 483 22.24 25,964



May 2007 STRUCTURES

McKiernan- 11-B-2 Dbl-Act 120 508 16.12 29,937
Terry C-826 Dbl-Act 85-95 457 35.58 32,540
(Steam-Air) S-8 Sgl-Act 55 991 35.58 35,251
C-8 Dbl-Act 77-85 508 35.58 35,251
S-10 Sgl-Act 55 991 44.48 44,064
S-14 Sgl-Act 60 813 62.26 50,843
Union 00 Dbl-Act 85 914 26.69 74,435
(Stream) 0A Dbl-Act 90 533 22.24 29,896
0 Dbl-Act 110 610 13.34 26,913
1 Dbl-Act 130 533 8.23 17,761
1A Dbl-Act 120 457 7.12 13,585
1 1/2A Dbl-Act 125 457 6.67 11,769
2 Dbl-Act 145 406 4.56 7,803
Delmag D-5 Sgl-Act 50-60 Var.” 4.89 12,270
(Diesel) D-12 Sgl-Act 50-60 Var.* 12.23 30,655
D-15 Sgl-Act 50-60 Var.* 14.68 36,607
D-22 Sgl-Act 50-60 Var.* 21.57 53,935
D-30 Sgl-Act 39-60 Var.* 29.36 73,485
D-36 Sgl-Act 37-53 Var.* 35.32 100,032
D-44 Sgl-Act 37-55 Var.* 42.07 117,956
D-55 Sgl-Act 36-47 Var.* 52.75 158,868
Conmaco 50 Sgl-Act 60 914 22.24 20,337
65 Sgl-Act 60 914 28.91 26,438
80 Sgl-Act 50 991 35.58 35,251
100 Sgl-Act 50 991 44.48 44,064
115 Sgl-Act 50 991 51.14 50,674
125 Sgl-Act 50 991 55.59 55,080
140 Sgl-Act 60 914 62.26 56,944
160 Sgl-Act 60 914 72.27 66,096
200 Sgl-Act 60 914 88.95 81,349
300 Sgl-Act 55 914 133.43 122,024
Kobe K-13 Sgl-Act 45-60 2,591 12.72 33,082
K-22 Sgl-Act 45-60 2,591 21.57 55,995
K-25 Sgl-Act 39-60 2,794 24.51 68,740
K-32 Sgl-Act 45-60 2,591 31.36 81,485
K-35 Sgl-Act 39-60 2,794 34.25 95,992
K-42 Sgl-Act 45-60 2,591 41.18 107,110
K-45 Sgl-Act 39-60 2,794 44.03 123,515
K-60 Sgl-Act 35-60 2,591 58.70 152,665

* Use actual length of stoke as observed in field. Rated energy is determined by stoke
which increases with driving resistance.

** Equivalent HW energy is obtained by plotting the observed bounce chamber pressure
on the corresponding chart provided in the gage box.
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Project Procedures Guide MAT-9
ATTACHMENT 3 June 1, 2009

EVIDENCE COMMENT

BBS 59

BILL OF
LADING

BMPR
CERT

DAILY
PLANT
REPORTS

IL OK

LA 15

LIST

MARK

TEST

TICK

VIS

VIS EXAM

Report of acceptance of fabrication of structural steel. The Bureau of
Bridges and Structures usually performs this type of inspection and
testing.

A shipping ticket that accompanies a product to the job site and which
identifies the product, source, and lot.

Bureau of Materials & Physical Research approval letter.

Manufacturer’s written certification that indicates material complies with the
specifications or contract.

For PCC and HMA, reports generated that provide mixture test results and

other production data. For non-QC/QA projects, Daily Plant Reports are the
responsibility of the Inspector. For QC/QA projects, refer to the appropriate
special provisions to determine responsibility for Daily Plant Reports.

Material is stamped by an IDOT Inspector with an “IL OK” stamp indicating
prior inspection and acceptance. An inspection tag may be used as
Evidence of Materials Inspection and approval.

This Department form is a supplier’s certification indicating material is from
approved stock. The form is sometimes used as a Bill of Lading to indicate
prior approval. The form should include supplier, proper contract/job
designation, material description, manufacturer, specific approved material
(test ID number, lots, or batches), and quantity. Additional information on
LA 15's is provided in Attachment 1.

The material appears on a current list of Department-approved products or

approved sources found at the Department’s web site, www.dot.il.gov
under “Doing Business/Materials ”. Contact the inspecting district’s

Materials Office for information on aggregates.

A commercial label, tag, or other marking which indicates product
specification compliance and/or an approved source/manufacturer.

Approved test result available via the MISTIC system or from locally
performed lab or field tests (e.g., soil density).

A ticket from an approved source indicating Department material or
aggregate quality and gradation, job designation, purchaser, and weight (if
applicable).

A RE memo denoting visual inspection is required in the project file, and
input into MISTIC is required.

Same as VIS, but no RE memo or input into MISTIC is required.

30
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APPENDIX F

Standard Pile Details
Pile Plan Base Sheets
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APPENDIX G

Example A:
Pile Bearing Table and Graph
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WSDOT PILE BEARING TABLE AND GRAPH

1.D.0.T. BBS FOUNDATIONS AND GEOTECHNICAL UNIT Modified on 7/12/09

Production Pile - Nominal Required Bearing 330 kips Test Pile - Nominal Requird Bearing: 363 kips

Min. Required Hammer Energy (Production) 23100 ft-Ibs Min. Recommended Hammer Energy (Test) 25410 ft-lbs

Max. Allowable Hammer Energy (Production): _46200ft-Ibs Max. Recommended Hammer Energy (Test): _50820ft-Ibs

Batter Pile Slope: 2 " horz. / 12" vert. Hammer Energy Reduction Coef. "U": 0.970

Hammer Make & Model: Delmag D22
Type (Diesel, Air/steam, Drop): Open-Ended Diesel Hammer and Steel Piles or Metal Shell Piles

Minimum Visible Fall Height: 3|ft. Red values indicate not within Contract Requirements

Max. Operating Fall Height: 8|ft. Blue values indicate not within Hammer Operating Range

Ram Weight: 4850(Ibs

Production Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch’

Fall Height (ft.) 250 3.00 350 4.00 450 5.00 550 6.00 650 7.00 750 8.00 850 9.00 950 10.00 10.50 11.00 11.%

Energy (Ibs-ft.) 12125 14550 16975 19400 21825 24250 26675 29100 31525 33950 36375 38800 41225 43650 46075 48500 50925 53350 557]

Nb (blows/inch)| 646.3 149.7 527 241 13.1 8.0 5.4 3.9 2.9 2.3 1.9 1.6 1.3 1.1 1.0 0.9 0.8 0.7 0.7

1 87 104 121 139 156 173 191 208 225 242 260 277 294 312 329 346 364 381 3

2 113 135 158 180 203 225 248 270 293 315 338 361 383 406 428 451 473 496 514
3 128 154 179 205 230 256 281 307 333 358 384 409 435 461 486 512 537 563 589
4 139 166 194 222 250 277 305 333 361 388 416 444 472 499 527 555 583 610 639
5 147 177 206 235 265 294 324 353 383 412 441 471 500 530 559 589 618 647 677
6 154 185 216 246 277 308 339 370 400 431 462 493 524 554 585 616 647 678 708
7 160 192 224 256 288 320 352 384 415 447 479 511 543 575 607 639 671 703 739
8 165 198 231 264 297 330 363 396 429 461 494 527 560 593 626 659 692 725 759
9 169 203 237 271 305 338 372 406 440 474 508 542 575 609 643 677 711 745 779
10 173 208 242 277 312 346 381 416 450 485 520 554 589 624 658 693 727 762 797

11 177 212 248 283 318 354 389 424 460 495 530 566 601 636 672 707 743 778 813

Test Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 250 3.00 350 400 450 5.00 550 6.00 650 7.00 750 8.00 850 9.00 950 10.00 10.50 11.00 11.%

Energy (Ibs-ft.) 12125 14550 16975 19400 21825 24250 26675 29100 31525 33950 36375 38800 41225 43650 46075 48500 50925 53350 557]

Nb (blows/inch){1554.1 311.1 98.6 417 21.3 125 8.0 5.6 4.1 3.1 2.5 2.0 1.7 1.5 1.3 1.1 1.0 0.9 0.8

1 87 104 121 139 156 173 191 208 225 242 260 277 294 312 329 346 364 381 3

2 113 135 158 180 203 225 248 270 293 315 338 361 383 406 428 451 473 496 518
3 128 154 179 205 230 256 281 307 333 358 384 409 435 461 486 512 537 563 588
4 139 166 194 222 250 277 305 333 361 388 416 444 472 499 527 555 583 610 638
5 147 177 206 235 265 294 324 353 383 412 441 471 500 530 559 589 618 647 677
6 154 185 216 246 277 308 339 370 400 431 462 493 524 554 585 616 647 678 708
7 160 192 224 256 288 320 352 384 415 447 479 511 543 575 607 639 671 703 7395
8 165 198 231 264 297 330 363 396 429 461 494 527 560 593 626 659 692 725 758
9 169 203 237 271 305 338 372 406 440 474 508 542 575 609 643 677 711 745 779
10 173 208 242 277 312 346 381 416 450 485 520 554 589 624 658 693 727 762 797

11 177 212 248 283 318 354 389 424 460 495 530 566 601 636 672 707 743 778 813

2:12 Batter Production Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 250 3.00 350 4.00 450 5.00 550 6.00 650 7.00 750 8.00 850 9.00 950 10.00 10.50 11.00 11.%

Energy (Ibs-ft.) 12125 14550 16975 19400 21825 24250 26675 29100 31525 33950 36375 38800 41225 43650 46075 48500 50925 53350 557]

Energy x "U" | 11761 14113 16465 18817 21169 23521 25874 28226 30578 32930 35282 37634 39986 42338 44691 47043 49395 51747 540

Nb (blows/inch)[ 848.1 187.8 64.0 28.5 15.2 9.2 6.1 4.3 3.2 2.5 2.0 1.7 1.4 1.2 1.1 1.0 0.9 0.8 0.7

o

o

o

1 84 101 118 134 151 168 185 202 218 235 252 269 286 302 319 336 353 370 3

2 109 131 153 175 197 219 240 262 284 306 328 350 372 393 415 437 459 481 50
3 124 149 174 199 223 248 273 298 323 347 372 397 422 447 472 496 521 546 57
4 135 161 188 215 242 269 296 323 350 377 404 431 458 484 511 538 565 592 61
5 143 171 200 228 257 285 314 343 371 400 428 457 485 514 542 571 599 628 65
6 149 179 209 239 269 299 329 358 388 418 448 478 508 538 568 597 627 657 68
7 155 186 217 248 279 310 341 372 403 434 465 496 527 558 589 620 651 682 71
8 160 192 224 256 288 320 352 384 416 448 480 512 544 576 607 639 671 703 73
9 164 197 230 263 295 328 361 394 427 460 492 525 558 501 624 657 689 722 75
10 168 202 235 269 302 336 370 403 437 470 504 538 571 605 638 672 706 739 7

11 171 206 240 274 309 343 377 412 446 480 514 549 583 617 652 686 720 755 789

2:12 Batter Test Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 250 3.00 350 4.00 450 5.00 550 6.00 650 7.00 750 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.§

Energy (Ibs-ft.) 12125 14550 16975 19400 21825 24250 26675 29100 31525 33950 36375 38800 41225 43650 46075 48500 50925 53350 557]

Energy x "U" | 11761 14113 16465 18817 21169 23521 25874 28226 30578 32930 35282 37634 39986 42338 44691 47043 49395 51747 540

Nb (blows/inch)[2095.6 399.1 122.1 50.2 25.2 145 9.2 6.3 4.6 3.5 2.8 2.2 1.9 1.6 1.4 1.2 1.1 1.0 0.9

1 84 101 118 134 151 168 185 202 218 235 252 269 286 302 319 336 353 370 3

2 109 131 153 175 197 219 240 262 284 306 328 350 372 393 415 437 459 481 503]
3 124 149 174 199 223 248 273 298 323 347 372 397 422 447 472 496 521 546 571
4 135 161 188 215 242 269 296 323 350 377 404 431 458 484 511 538 565 592 619
5 143 171 200 228 257 285 314 343 371 400 428 457 485 514 542 571 599 628 656
6 149 179 209 239 269 299 329 358 388 418 448 478 508 538 568 597 627 657 687
7 155 186 217 248 279 310 341 372 403 434 465 496 527 558 589 620 651 682 713
8 160 192 224 256 288 320 352 384 416 448 480 512 544 576 607 639 671 703 735
9 164 197 230 263 295 328 361 394 427 460 492 525 558 591 624 657 689 722 755
10 168 202 235 269 302 336 370 403 437 470 504 538 571 605 638 672 706 739 773

=
[N

171 206 240 274 309 343 377 412 446 480 514 549 583 617 652 686 720 755 789

0
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APPENDIX H

Example B:
Pile Bearing Table and Graph
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WSDOT PILE BEARING TABLE AND GRAPH

1.D.0.T. BBS FOUNDATIONS AND GEOTECHNICAL UNIT Modified on 7/12/09
Production Pile - Nominal Required Bearing 189 kips Test Pile - Nominal Requird Bearing: 207.9 kips
Min. Required Hammer Energy (Production) 11306 ft-Ibs Min. Recommended Hammer Energy (Test) 12436 ft-Ibs
Max. Allowable Hammer Energy (Production): _22611ft-Ibs Max. Recommended Hammer Energy (Test): _24872ft-Ibs
Batter Pile Slope: 3 " horz. /12" vert. Hammer Energy Reduction Coef. "U": 0.946
Hammer Make & Model: Vulcan #1
Type (Diesel, Air/steam, Drop): Air / Steam Hammer
Action (Single or Double Acting): Single
Minimum Visible Fall Height: 1.5|ft. Red values indicate not within Contract Requirements
Max. Operating Fall Height: 3|ft. Blue values indicate not within Hammer Operating Range
Ram Weight: 5000]Ibs

Production Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch’

Fall Height (ft.) 125 150 175 2,00 225 250 2.75 3.00 325 350 375 400 425 450 475 500 525 550 5]

al

o

Energy (Ibs-ft.) 6250 7500 8750 10000 11250 12500 13750 15000 16250 17500 18750 20000 21250 22500 23750 25000 26250 27500 287

Nb (blows/inch)| 414.9 103.5 384 18.2 10.2 6.4 4.4 3.2 2.5 2.0 1.6 1.4 1.2 1.0 0.9 0.8 0.7 0.7 0.6
1 52 63 73 84 94 104 115 125 136 146 157 167 178 188 199 209 219 230 240

2 68 82 95 109 122 136 150 163 177 190 204 217 231 245 258 272 285 299 313
3 7 93 108 123 139 154 170 185 201 216 231 247 262 278 293 309 324 340 355
4 84 100 117 134 151 167 184 201 218 234 251 268 285 301 318 335 352 368 389
5 89 107 124 142 160 178 195 213 231 249 266 284 302 320 337 355 373 391 409
6 93 111 130 149 167 186 204 223 242 260 279 297 316 334 353 372 390 409 4217
7 96 116 135 154 173 193 212 231 251 270 289 308 328 347 366 386 405 424 443
8 99 119 139 159 179 199 219 239 258 278 298 318 338 358 378 398 418 437 457
9 102 123 143 163 184 204 225 245 265 286 306 327 347 368 388 408 429 449 47(Q
10 104 125 146 167 188 209 230 251 272 293 313 334 355 376 397 418 439 460 481

11 107 128 149 171 192 213 235 256 277 299 320 341 363 384 405 427 448 469 491

Test Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 1.25 150 175 2,00 225 250 275 3.00 325 350 375 400 425 450 475 500 525 550 575

Energy (Ibs-ft.) 6250 7500 8750 10000 11250 12500 13750 15000 16250 17500 18750 20000 21250 22500 23750 25000 26250 27500 287§

0
Nb (blows/inch)| 954.4 207.2 69.6 30.7 16.3 9.8 6.4 4.6 3.4 2.6 2.1 1.8 1.5 1.3 1.1 1.0 0.9 0.8 0.7
1 52 63 73 84 94 104 115 125 136 146 157 167 178 188 199 209 219 230 240
2 68 82 95 109 122 136 150 163 177 190 204 217 231 245 258 272 285 299 313
3 77 93 108 123 139 154 170 185 201 216 231 247 262 278 293 309 324 340 355
4 84 100 117 134 151 167 184 201 218 234 251 268 285 301 318 335 352 368 389
5 89 107 124 142 160 178 195 213 231 249 266 284 302 320 337 355 373 391 409
6 93 111 130 149 167 186 204 223 242 260 279 297 316 334 353 372 390 409 427
7 96 116 135 154 173 193 212 231 251 270 289 308 328 347 366 386 405 424 443
8 99 119 139 159 179 199 219 239 258 278 298 318 338 358 378 398 418 437 457
9 102 123 143 163 184 204 225 245 265 286 306 327 347 368 388 408 429 449 470§
10 104 125 146 167 188 209 230 251 272 293 313 334 355 376 397 418 439 460 481
11 107 128 149 171 192 213 235 256 277 299 320 341 363 384 405 427 448 469 491

3:12 Batter Production Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 125 150 175 2,00 225 250 275 3.00 325 350 375 400 425 450 475 500 525 550 575

o

Energy (Ibs-ft.) 6250 7500 8750 10000 11250 12500 13750 15000 16250 17500 18750 20000 21250 22500 23750 25000 26250 27500 287

Energy x "U" 5912 7094 8277 9459 10641 11824 13006 14188 15371 16553 17735 18918 20100 21283 22465 23647 24830 26012 27194

Nb (blows/inch)| 668.2 154.0 54.0 24.6 13.3 8.2 5.5 3.9 3.0 2.3 1.9 1.6 1.3 1.2 1.0 0.9 0.8 0.7 0.7

1 49 59 69 79 89 99 109 119 128 138 148 158 168 178 188 198 208 217 237

2 64 7 90 103 116 129 141 154 167 180 193 206 219 231 244 257 270 283 299
3 73 88 102 117 131 146 161 175 190 204 219 234 248 263 277 292 307 321 334
4 79 95 111 127 142 158 174 190 206 222 237 253 269 285 301 317 332 348 364
5 84 101 118 134 151 168 185 201 218 235 252 269 285 302 319 336 353 369 384
6 88 105 123 141 158 176 193 211 228 246 264 281 299 316 334 351 369 387 404
7 91 109 128 146 164 182 201 219 237 255 274 292 310 328 346 365 383 401 419
8 94 113 132 150 169 188 207 226 244 263 282 301 320 339 357 376 395 414 433
9 97 116 135 155 174 193 212 232 251 270 290 309 328 348 367 386 406 425 444
10 99 119 138 158 178 198 217 237 257 277 296 316 336 356 376 395 415 435 455

11 101 121 141 161 182 202 222 242 262 282 303 323 343 363 383 403 424 444 464

3:12 Batter Test Pile - Nominal Driven Bearing Table (Hammer Energy vs. Blows/inch)

Fall Height (ft.) 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75

Energy (Ibs-ft.) 6250 7500 8750 10000 11250 12500 13750 15000 16250 17500 18750 20000 21250 22500 23750 25000 26250 27500 287

0
Energy x "U" 5912 7094 8277 9459 10641 11824 13006 14188 15371 16553 17735 18918 20100 21283 22465 23647 24830 26012 27194
Nb (blows/inch)[1612.1 320.7 1012 426 21.7 127 8.2 5.7 4.2 3.2 2.5 2.1 1.7 1.5 1.3 1.1 1.0 0.9 0.8
1 49 59 69 79 89 99 109 119 128 138 148 158 168 178 188 198 208 217 237
2 64 7 90 103 116 129 141 154 167 180 193 206 219 231 244 257 270 283 296
3 73 88 102 117 131 146 161 175 190 204 219 234 248 263 277 292 307 321 336
4 79 95 111 127 142 158 174 190 206 222 237 253 269 285 301 317 332 348 364
5 84 101 118 134 151 168 185 201 218 235 252 269 285 302 319 336 353 369 386
6 88 105 123 141 158 176 193 211 228 246 264 281 299 316 334 351 369 387 404
7 91 109 128 146 164 182 201 219 237 255 274 292 310 328 346 365 383 401 419
8 94 113 132 150 169 188 207 226 244 263 282 301 320 339 357 376 395 414 433
9 97 116 135 155 174 193 212 232 251 270 290 309 328 348 367 386 406 425 444
10 99 119 138 158 178 198 217 237 257 277 296 316 336 356 376 395 415 435 455]

=
[N

101 121 141 161 182 202 222 242 262 282 303 323 343 363 383 403 424 444 464
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7.5 Hammer Calculations: Class Problem #1 Solution

A Contractor proposes to use a Vulcan #010 single acting air/steam hammer with a drive head that
weighs 895 Ibs to install the following piling:

PILE DATA
Type: Metal Shell — 14 in. dia. w/ 0.25 in. walls
Nominal Required Bearing: 383 kips
Factored Resistance Available: 210 kips
Estimated Length: 65 ft

Determine:

1. Is the hammer acceptable?
2. What is the blow count for the maximum hammer energy?

Given: The unit weight of the piles is 36.7 Ibs/ft.
The ram weight is 10,000 Ibs and has a maximum fall height of 39 in.

For air/steam hammers, Inspectors need to verify that the striking parts of the hammer weigh more
the 1.4 tons and more than 1/3 of the combined weight of the pile and drive head.

The ram for a Vulcan #010 hammer weighs 10,000 Ibs which is greater than 1.4 tons. Calculate the
combined weight of the pile and drive head.

Drive Head Wt. + Pile Wt. = 895 Ibs + (36.7 los/ft)(65 ft) = 3,281 Ibs

% =1094Ibs <10,000 Ibs

Therefore, the hammer satisfies both weight requirements.

For determining Rnps, the maximum developed energy is taken as the ram weight times the fall
height:

Hammer E, ., = W x H = 10,000 Ibs x 3.25 ft = 32,500 ft-lbs

The minimum required and maximum allowed hammer energy for the pile is:

Minimum Required Energy Maximum Allowable Energy
E > 32.90 x RN - Feff E < 65.80 x RN - Feff

> 32.90 x 383 + 0.55 = 22,910 ft-lbs < 65.8 x 383 + 0.55 = 45,820 ft-Ibs
Hammer E . = 32,500 > 22,910 O.K. Hammer E . = 32,500 < 45,820 O.K.

The hammer is capable of driving the pile to the Rypg With a rate of penetration between 1 and 10
blows per inch if operated at its anticipated energy.

Determine the required Ny to achieve Rypg at a ram fall height of 3.25 ft.

{ 1000 x 383 }
oL 6.6x0.55x32500 _ 2.6blows

10 in.

Np =



7.6 Hammer Calculations: Class Problem #2 Solution

A Contractor proposes to use a Delmag D-36 single acting diesel hammer to install the following piling
with an anticipated ram fall height of 5 ft:

PILE DATA
Type: HP 12 X 53
Nominal Required Bearing: 418 kips
Factored Resistance Available: 230 kips
Estimated Length: 60 ft
Determine:

1. Is the hammer acceptable?
2. What is the blow count for the anticipated fall height of 5 ft?

Given: The ram weight is 7,940 Ibs and has a fall height range of 4.5 to 9 ft.

There are no requirements to be considered for single acting diesel hammers besides the minimum
and maximum energy requirements.

For determining Rnps, the maximum developed energy is taken as the ram weight times the fall
height:

Hammer E.x =W x H = 7,940 Ibs x 9.0 ft = 71,460 ft-lbs

The minimum required and maximum allowed hammer energy for the pile is:

Minimum Required Energy Maximum Allowable Energy
E > 32.90 x RN - Feff E < 65.80 x RN - Feﬁ

>32.90 x 418 + 0.47 = 29,260 ft-Ibs <65.8x418 +0.47 = 58,520 ft-Ibs
Hammer E .« = 71,460 > 29,260 O.K. Hammer E .« = 71,460 > 58,520 N.G.

The hammer is capable of driving the pile to the Rypg with a rate of penetration between 1 and 10
blows per inch but the ram fall height must be limited to restrict the maximum hammer energy.

Calculate the maximum allowable fall height of the ram.

Given that E =W x H,
H = Enaxalow ~ W = 58,520 ft-Ibs + 7,940 Ibs = 7.4 ft

Therefore, the maximum fall height of the ram must not exceed 7.4 ft.
Determine the required N, to achieve Rypg at the Contractor’s anticipated ram fall height of 5 ft.

E =7,940 Ibs x 5 ft = 39,700 ft-lbs

[ 1000x 418 }
o 6.6x0.47x39,700 _ 3.0blows

10 in.

Np =



15.3 Determining Pile Pay Lengths: Class Problem #3 Solution

Determine the pile pay lengths for furnishing piles and driving piles and fill in the table below. In

addition, determine which splices are paid for via force account.

Given:

Estimated Plan length = 50’

There is a vertical clearance restriction at one location as noted
All piles will be end bearing on bedrock

i Pay
Fu rﬁil;tl?gg Iizemgth Dlil ir:';tr:f’ ggﬂgg CL:::\;]: . Length -
(by Letter) Length Furnish Drive

50 50 . 3 50 47
50 55 . 3 52 52
50 45" - 3 45 42
50 55 - 10 50 45
50 50 10’ 2 50 58

+ 1 FRC Splice
50 50 10? 2 60 58

+ 1 FRC Splice
50° 2@25 - 1 50 a9

Planned Splice: No Pay

As Measured in the field.
1. State furnished splice length.
2. Contractor furnished splice length.

3. Overhead power lines restrict equipment height to 40’

replaced with a longer (end bearing) pile if 45’ is too short.

The Engineer allowed the use of a 45’ pile with the stipulation the pile would be extracted and




15.4 Determining Pile Pay Lengths: Class Problem #4 Solution

Determine the pile pay lengths for furnishing piles and driving piles and fill in the table below.
Given:

Estimated Plan length = 70’

Contractor’s equipment capable of driving a 50’ segment

i Pay
Furﬁ;tl?:é Iii?igth Dlil ir:lgetr:P égﬂgg I(.::rtlg;)tfr: . Length '
(by Letter) Length Furnish Drive
70 2@40" - 20 70 60
110 3@40° 10"¢ 5 120 125
+ 2 FRC Splices
100 2@50° - 1 100 99
Total 290 284

* As Measured in the field.

1. State furnished splice length.

Splice Issues:

A. This is a planned splice. Thus no payment for the splice

B. Two splices are required because there are three segments. The contractor anticipated one
splice. Thus, there is one “additional” splice not anticipated at the time of bidding. Thus pay for

the one “additional” splice (but not the planned splice).

C. Anunplanned splice was required to add this additional 10 ft. segment. Thus pay for one
unplanned splice.

D. This is a planned splice. Thus no payment for the splice




APPENDIX J

Example Piling Forms
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llinois Department

of Transportation Test Pile Driving Record
Structure Number 016-2861 Date Driving Started  6/21/2007 Date Completed &/22/2007 Sheet 1 of 1
Abutment/Pier Mo, East Abut. (Stage 1) Caloculated by R Route FAP 343
Pile Type & Size  Metal Shell 12" dia w/.179" walls Checkedby  WMK  Section 70D-Y-B-R & 70HB-R-1
Mominal Required Bearing 372 kips  Estimated Plan Length aa ft. County COOK
Pile Cutoff Elevation BT3.77ft.  Authorized Fumnished Length TEL Confract 62887
Ground Surface Elev. At Pile While Driving  840.23 ft.* Closest Boring(s) B-1 & sb-5 Driven Bearing Verification Gates
Hammer Make & Model Delmag D30-32 Hammer Cushion Material & Thickness Conbest , 2" thick -
Max, Operating Energy 55,898 fi-lbs. Min. Operating Energy 25,383 ft.-lbs, File Helmet Weight 4250 Ibs.
Tip Distance | Blows | Hammer MNominal Tip ‘Distance | Blows Hammaer Nominal
Elevation Below FPer Energy Dirivan Elevation Below Per Energy Diriven
{Feet) Cut Off | (Inch) | Developed Bearing {Feet) Cut Off | {Inch) | Developed Bearing
B40.23 31.54 811.23 51.54 1.1 36400 248
B38.23 32.54 L 810.23 G2.54 1.1 34125 237
838.23 33.54 809,23 63.54 1.0 31850 212
B37.23 34.54 808.23 G54 | 08 JE400 214
B36.23 35.54 B0v.23 55.54 11 36400 248
835,23 36.54 BDE6.23 G654 1.2 40ES0 282
334,22 37,54 <0.5 =25383 B05.23 G7.54 1.1 38675 2548
833.23 38.54 <(}.5 <25383 04,23 G8.54 1.3 40550 2494
832,23 39.54 <05 | <25383 B03.23 59.54 1.3 40950 294
___BE-‘I 23 40.54 <0.5 <25383 a02.23 T0.54 1.3 47775 328
53023 41.54 <0.5 25383 801.23 71.54 1.5 45500 330
82023 | 4254 =05 <28383 80023 T2.54 2.5 45500 422
§28.23 43.54 =05 =25383 789.23 73.54 2.2 47775 413
827.23 4454 | <05 <25383 708.23 75.54 25 43225 408
§26.23 45.54 0.5 27300 102 T9T7.23 TE.54 2.5 43225 408
825.23 45.54 0.8 27300 102 T96.23 T7.54 2.5 45500 423
B824.23 47.54 0.5 31850 118
823.23 45.54 0.7 27300 144 - [
82223 49.54 0.7 27300 144
B21.23 50.54 0.7 27300 144
B20.23 51.54 0.6 27300 125
819.23 52 54 0.6 31850 143 N
818.23 53.54 0.8 20575 172
B17.23 55.54 1 28575 201
B16.23 56.54 1| 27300 189
 B15.23 57.54 0.3 31B50 118
314,23 50,54 0.5 31850 118 |
813,23 50.54 0.5 34125 126 '
512,23 B0.54 0.8 34125 182

Driving Observations and Comments: Hammer would not fire until 835.23, Could not Read Energy until elevation 825.23

*raflacts being driven from botiom of plan specified precored hole elevation

min. test pile driven bearing = 372kips X 1.10 = 408 kips

| First consistant Bearing around 73 ft — order ~ 78fL. since boring st-5 shows stiffer soil at deeper elevation.

" ec: Bureau of Bridges and Struciures

BES 757 (Rev, 11/07)
{formarty BC 75T)



llinois Department
of Transportation Production Pile Driving Data

Structure Number 016-2861 Date Driving Started 10/18/2007 Date Completed 10/22/2007 Sheet 1 of 1
Abutment/Pier No, East Abut. (Stage 1) Calculatedby RMW Route FAP 343 S
Pile Type & Size  Metal Shell 12° dia w/.178" walls Checkad by WMK Section 70D-Y-B-R & 7T0HB-R-1

Nominal Reguired Bearing 372kips Estimated Plan Length 69 1. County COOK

Pile Cutoff Elevation 873.77ft Authorized Fumished Length  78f..  Contract 62847

Ground Surface Elev. At Pile While Driving 840.23L* Closest Boring(s) B-1 & sb-5 Driven Bearing Verification Gates
Hammer Maks & Model Delmag D30-32 Hammer Cushion Material & Thickness Conbest, 2° thick

Max. Operating Energy 55,898 fi.-lbs. Min. Operating Energy 25,383 fL-lbs. Pile Helmet Weight 4250 Ibs.

As driven pile layout skelch with piles numberad, north armow included, and any significant deviations from plan locations noted

@

Pile|Delivered Added| Final | Paid Paid | Blows| Hammer | Nominal

No.| Length | Splice | Cutoff | Driven [Furnished Per Energy Driven Driving Observations & Comments
{Feet) |Length| Length| Length | Length | (Inch) | Developed | Bearing
1 818 0 3 78.8 788 2 43225 373 B2 fi pilas delevered as two 41 fi. sections
81.8 0 10.5 71.3 78 2.5 3B6TS 381
3B 82 0 5 7 78 3 34125 378
4 82 0 4 78 78 2 43225 373 Bend In Pile 4 occurred 10" prior to bearing,
58| 82 0 5 80 80 2.4 38675 375 |  cutout bend and re-splied plle per BES
BT —— — —_— — — 2.5 45500 422  [Test pile driven on 6/22/07
7B | 821 0 5 78.1 78 31 36400 388
8 821 0 8 76.1 78 3.5 36400 418
&8 §2.2 0 5 772 78 4 36400 435
10 78 0 1 76.6 78 2.5 38675 381 |78 f1. long plles ware composed of 20+38+20
118| 7841 0 1.5 78.1 78 2 43225 373
12| 7BA 0 2 76.1 78 24 3BBTS 378
138| 784 10.5™ & 82.6 78 3 34125 a7s
14 B2 il 1.5 81.7 78 25 38675 381 Pile hit something at 12' below precore and
158 78 10 58 82,2 BB 3.5 34125 388 meved out of 8" tolerence (ok per BBS)
18 78.1 10 58 B2.2 BB 3 36400 383
178 78.1 10 59 a2.1 BA a1 24125 ag2
18| 78.1 10 | 52 | 828 88 | 34 | 31850 378
"elevation reflecls +~ 30ft. precore specified
**Not paid as fumished since obtained from Cut
off sections from piles 2 and 38

cc: Bureau of Bridges and Siructuras BBS 2164 (Rev. 11/07)
(formerly BC 2184)



APPENDIX K

Example Authorization Letter
to Furnish Pile Lengths
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(Example: Letter Notifying Contractor of Lengths)

February 26, 2007

County
Section
Route
Contract No.

Don Doe, Superintendent
ACME Construction

1200 North Easy Street
Anyplace, IL

Dear Mr. Doe:

As specified in Article 512.16 of the Standard Specifications for Road and Bridge
Construction, you are hereby being provided this itemized list of authorized lengths of
metal pile shells to furnish for the structure for the above route and section.

It has been determined from the test piles driven on February 19, 2007 that the following
lengths should be furnished:

E Abut 23 pile @ 24 = 552 lin. ft.
Pier 1 32 pile @ 30° = 960 lin. ft.
W Abut 23 pile @ 36’ = 828 lin. ft.
Very Truly Yours,
John Smith

District Engineer

Note:

Final documentation for FURNISHING
PILES consists of a copy of the
itemized list which was given to the
Contractor and field measurements of
the delivered piling.
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Example Welder Certification
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N

John Doe
Cert # 3000xy SSN # 300 XX-X¥XX

SAMPLE CARD ONLY

AMERICAN WELDING SOCIETY

1-800-443-9353

hearer of this card may be verified by calling or writing:
CERTIFICATION DEPARTMENT OF THE AMERICAN WELDING SOCIETY
550 N.W. LeJune Road, Miaml, FL 33126

John Doe

# TestDate Sup Code Process Gas  Filler Metal Base Metal

refating to identification and certification of the WALID ONLY IF ACCOMPANIED BY PHOTO ID

This Card is the property of AWS and shall be returned on demand

Position  Thickness Expires

1 00/0000 G D11 SMAW N/A F4 P1

2 00/00/00 G Bl2 GT/SM ARGON F6/TF4 P1

SAMPLE CARD ONLY

Back Side of Card

ALL LIMITED  00/00/00

ALL LIMITED  00/00/00

Verify Cert. #: www.aws.org/certification/cw_search html

GUIDE TO INTERPRETING ABBREVIATIONS ON AWS CERTIFIED WELDER CARD

EXAMPLE
Supplement Code Process Gas Filler Metal
G | pra | | eraw | | Arco2 | | EnT1 |

Position Thickness
Base Metal Qualified Range
| Al106 | | 6¢ | | Unlimited |

AWS SUPPLEMENTS

C
F
G

CODES:
B2.1

D11

D12

D9.1
ASME IX

D151
API
CUST

Sheet Metal Welding (AWS D9.1)
Chemical Plant and Petroleum Piping (ASME B31.3 and Sec. IX)
Generic Supplement (Company-furnished WPS and acceptance criteria)

(For Supplerent G only, reference appropriate acceptance criteria.)

AWS B2.1, Standard for Welding Procedure and Performance Qualificatio
AWS D1.1, Structural Welding Code - Steel

AWS D1. 2, Structural Welding Code - Aluminum

AWS D9.1, Sheet Metal Welding Code

ASME Section IX, Onalification Standard for Welding and Brazing
Procedures, Welders, Brazers, and Welding and Brazing Operators

AWS D15.1, Railroad Welding Specification - Cars and Locomotives

API 1104, Welding of Pipelines and Related Facilities

Other customer may be used as indicated on the employer supplied WPS

=Other standards may be used as indicated on the empioyer supplied WPS

PROCESSES:

SMAW  Shielded Metal Arc Welding (SMAW)
GMAW  Gas Metal Arc Welding (GMAW)
GMAW-S Gas Metal Arc Welding - Short Circuit
FCAW Flux Cored Arc Welding (FCAW)
GTAW Gas Tungsten Arc Welding (GTAW)
SAW Submerged Arc Welding (SAW)

BZ Brazing

GAS:

AR Argon

HE Helium

Ar/CQO. Argon/Carbon Dioxide

C0O, Carbon Dioxide

FILLER METAL (AWS CLASSIFICATION NUMBER)
ER309-L

E7018-A1L

ER70S-2

E71T-1

BASE METAL

AXXX  ASTM Designations (i.e., A36)

M Material Numbers from B2
SAXXX (SA106, SA105, SA304L, etc.)
PX (P1, P8, P44, etc.)

POSITION

1G Groove Weld, Flat

2G Groove Weld, Horizontal

3G Groove Weld, Vertical

4G Groove Weld, Overhead

5G Groove Weld, (Pipe) Vertical

6G Groove Weld, (Pipe) 45° Vertical
1F Fillet Weld, Flat

2F Fillet Weld, Horizontal

3F Fillet Weld, Vertical

4F Fillet Weld, Overhead

v Vertical Progression Up

D Vertical Progression Down

A All

THICKNESS

u Unlimited (1/8” to Unlimited)

L Limited

XX-XX Range in sheet gauges (ex., 11 -18)
XX Thickness in fractions of an inch (ex:., 3/8™)
SCH Schedule listing for pipe thickness (ex:Sch 40)
WB 'With backing

WOB Without backing












